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ABSTRACT 
A number of new 5-aminomethylene and 5-thiomethylene 
Meidrum's acid derivatives have been prepared. A detailed study of their 
X-ray crystal structures was carried out and it was found that the formal 
carbon-carbon double bond is strongly twisted with unusually long bond 
distances. Furthermore a linear relationship was found to exist between the 
twist angle and the C=C bond length for a number of examples. Reactions of 
these derivatives with organometallic reagents are also reported. 
The flash vacuum pyrolysis of Meldrum's acid derivatives to give 
new examples of 3-hydroxypyrroles and 3-hydroxythiophenes with 
electron-donating and electron-withdrawing substituents in the 5-position is 
described. The effect of these substituents on the reactivity and 
regioselectivity towards alkylation, acylation and electrophiles was also 
examined. Detailed NMR spectroscopic studies were carried out on the 
products which were prepared and a number of crystal structures were 
obtained. 
Facile reactions of 3-alkoxypyrroles with n-butyllithium were 
found to occur regiospecifically in the 2-position. The 2-lithio derivatives 
which were formed were subsequently reacted with a range of reagents 
which enabled the introduction of further electron-donating or 
electron-withdrawing substituents in the 2-position. 
The formation of 7-hydroxy-1-methoxypyrrolizin-3-one and/or 
7-methoxy-pyrano[3,2-b]pyrrOl-5(lR)-One from the novel pyrolysis of 5-[1-(4-
methoxy-2-oxo-3-pyrrolinyl)]methylene Meldrum's acid is described for a 
range of furnace temperatures. A mechanism is proposed for the formation 
of the pyrrolizin-3-one and its subsequent rearrangement at high 
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INTRODUCTION 
2 
A STUDY OF 3-HYDROXYPYRROLES AND 
3HYDROXYTHIOPHENES WITH ELECTRON-DONATING 
AND ELECTRON-WITHDRAWING SUB STITUENTS 
The parent pyrrole and thiophene ring systems are described as 
it-excessive electron-rich heterocycles, hence the introduction of a 
conjugative hydroxy moiety into the 3-position would further increase the 
it-electron density, thereby affecting both the reactivity and stability of the 
system. These particular systems often compensate by tautomerism to the 
conjugated enone form (ib), known in the pyrrole case as the 1H-pyrrol-
3(2H)-one or 'pyrrolone' form and as thiophen-3(2H)-one or 'thiophenone' 
with the analogous thiophene compounds. 
OH 	 o 
2 	 X = S, NH, NR 
la 	 lb 
Due to the sensitivity of these systems, it is not surprising to find 
that the majority of reported syntheses of 3-hydroxypyrroles and 
3-hydroxythiophenes involve stabilising electron-withdrawing groups. Few 
derivatives containing electron-donating substituents are known, and 
because of their instability very little is known about their chemistry. 
Although 3-hydroxypyrroles' and 3-hydroxythiophenes 2 have 
been previously reviewed in detail this brief account will attempt to compare 
and contrast the varied syntheses and properties of derivatives containing 
electron-withdrawing and electron-donating substituents. It is hoped that 
by highlighting these systems adequate background will be provided for the 
3 
chemistry which is described in this thesis. To avoid ambiguities regarding 
nomenclature, the numbering scheme shown in la will persist throughout, 




For clarity this section will be subdivided into four distinct 
groups, depending on the number and nature of the ring substituents. 
(i) 3HYDROXYPYRROLES AND 3-HYDROXYTHIOPHENES WITH 
ONE ELECTRON-WITHDRAWING GROUP 
By far the most common strategy for the synthesis of 2-electron-
withdrawing derivatives of both hydroxyheterocycles involves Dieckmann 
cyclisation reactions. 
With 3-hydroxypyrroles the cydisation precursors are often 
enaminoesters (2) (Scheme 1) readily prepared from amino esters and 
-ketoesters under basic conditions. This method is particularly useful when 
preparing 4-substituted 3  or 4,5-disubsfituted 36 products e.g. 3 ( R' = H, 
R2= Et, R4 = Me, R5 =H;53% 3 OrR 1 =R4 =R5 H,R2 = Et; 60% 5 ). It should 
be noted that whenever R 4  = H an alternative cyclisation may occur giving a 
mixture of 2-substituted and 4-substituted ester products (see Scheme 5).47 
R4 	OH R4 	CO2Et 
X Base 
R5 	NCO2R2 	 R5 	N 	CO2R2 
R' 	 R' 
3 
Scheme 1 
4,5-Unsubstituted derivatives may also be prepared by the 
Dieckmann condensation of vinyl glycirates or vinyl sarcosinates (4) to give 
the 2,4-dicarboxylic esters which are subsequently saponified and 
decarboxylated specifically in the 4-position to yield the 3-hydroxypyrrole-2-




A similar Dieckmann-type cyclisation was exploited elegantly by 
Fiesselmarin et a1912 ' 13  to give the corresponding hydroxythiophene 
derivatives. He found that mercaptals (5), obtained by the reaction of 
acetylenic compounds or -ketoesters with methyl thioglycolate, readily 
cyclised via the in situ elimination of one mole of the thioglycolic ester to give 
the desired 4-substituted or 4,5-disubstituted-3-hydroxythiOphene-2 
carboxylic esters in good yields (Scheme 2). It is noteworthy that in some 
cases where there is the possibility of a competitive cyclisation (R 4 = H), 
Fiesselmann claimed a regiospecific reaction whereas Lawesson later 
















R2 = Et, Me 
R4 =H,Et 
R5 = H, Me, Ph 
Scheme 2 
A further Dieckmann condensation of 3-.cyanomercaptocrotonates 
(6) was observed by Lawesson 14  to give the corresponding 5-substituted-2-
cyanohydroxythiophene in variable yields. 
7 
11 
H C — OEt 
RSCN 
R = Me, iso Pr, t Bu, Ph 
Eel 
The synthesis of 4,5-unsubstituted 3-hydroxypyrrole-2-carboxylic 
esters has already been described 8  however N-substituted derivatives can be 
prepared by the flash vacuum pyrolysis (FVP) of dialkylaminomethylene 
Meidrum's acid derivatives 16  (7) (Scheme 3). Similarly, pyrolysis of the 





Do 	C/ ' O____ 0 	 XCO2Et 
CO2Et 
7 	 X=NR 
X=S 
Scheme 3 
An alternative route to an extensive array of N-substituted 
3-hydroxypyrrole-2-carbOXYlateS involves the treatment of the readily 
available vinyl tricarbonyl esters (8) with primary amines' 7 (Scheme 4). This 
approach has been used in the synthesis of natural products such as 
Prodigiosin. 18  A similar strategy apparently has not been adopted for the 









N CO 2R - H20 	 CO 




Finally in a metallation approach, Lawesson devised the 
preparation 	of 	4,5-unsubstituted 	2-acetyl 	and 	2-carbethoxy 
3-hydroxythiopheneS from 3-t-butoxythiophene. 14 Treatment of the 
alkoxythiophene with n-butyl lithium gave the 2-metallated product which 
was then reacted with ethyl chioroformate or acetic anhydride to give the 
appropriate 2-substituted alkoxythiophene. Finally cleavage of the t-butyl 
group, achieved by pyrolysis in the presence of a catalyst, gave the 
hydroxythiophene. Similar lithiations of alkoxypyrroles are possible (see 
Discussion) however such cleavage of the 0 7protecting ether bond is 
unreported with pyrrole derivatives. 
There are two common routes to compounds with 4-electron-
withdrawing moieties, and both are cydlisation reactions which are similar 
to those described previously. 
The base catalysed cyclisation of achloroacetyl-f3-aminocrotOflic 
esters (9) as first described by Benary et a119 ' 20  has been used to give an array 
of 3-hydroxypyrrole-4-carboxylic esters 21' (Scheme 5). Variations have been 
included to give 4-amide22  and 4-cyano substituents. 23 Reacting the crotonic 
acid 91  which is readily obtained from ethyl 4-chloroacetoacetate, with 
sodium hydrosulfide gives 10 which cyclises, in ethanol, to give the 
3-hydroxythiophene-4-carboxylic ester. This method has been repeatedly 
used to prepare 5-substituted derivatives. 24'25 
The second type of cyclisation involves the familiar Dieckmann 
condensation route from precursors which are similar to those used to 
prepare 2-carboxylic ester derivatives (2). Such reactions using 11 proceed 
regiospecifically to give 5-substituted and 2,5-disubstitued products 
(Scheme 5).426 




5 X/ )L NH 	 R RS2 	R5 	 NaHS 	RNH 2 I 
R' 
10 	 9 
R2 =H 
Base 
EtO,C 	 EtO2C... 	 Et02C 	OH 
COEt 	 CH2 CO2Et Base 
R5NR2 	R5NR2 	R5 NR2 
I 	 I 
R'=H 	 R' 
11 
Scheme 5 
Variations on this method include the generation of 11 (RI = Me, 
R2 = R5 = H) from the triester 12, and subsequent cyclisation to give the 
3-hydroxypyrrole. 27  Further cydlisation reactions, applicable to both 
3-hydroxypyrroles and 3-hydroxythiophenes, involve the reaction of 
2-alkylaminocarboxylates 	or 	mercaptoacetates 	with 
10 
3,3-dialkylallenecarbonitriles. The reaction proceeds with addition of the 
nucleophile to the 2-carbon of the 1,2-diene accompanied by cyclisation with 
elimination of alkoxide ion and subsequent prototropic rearrangement to 









In a more recent procedure phenyiglyoxal was reacted with ethyl 
-aminocrotonate and -aminocrotononitrile to give the corresponding 
hydroxypyrroles (13,14) (Scheme 6).29 This cydlisation reaction is analogous 









3-Hydroxythiophene 4-carboxylic esters may also be prepared by 
the aromatisation of 3-oxotetrahydrothiophenes 2 ' 30 (15) or the corresponding 
enol acetat& 1  with oxidising agents such as hydrogen peroxide or sulfuryl 
chloride to give products in very good yields (90%). 
In contrast to the well developed syntheses of 3-hydroxypyrroles 
11 
and 3-hydroxythiophenes with electron-withdrawing groups in the 2 and 
4-positions, very little is known regarding the corresponding 5-substituted 
compounds. 
Until recently the only known synthesis of a 3-hydroxypyrrole 
with a single electron-withdrawing substituent in the 5-position was a low 
yielding multi-step process. 32 However Tallec has now reported 33 a facile 
electroreduction of the thiazinone (16), involving a four electron process 
carried out in a protic medium, to give the 2-phenyl-5-carbethoxy 
hydroxypyrrole (Scheme 7). The synthesis has been extended to give fully 
substituted 1H-hydroxypyrroles with a variety of substituents in the 
4-position, including other ester groups. 
EtO2C 	N 	Ph 
16 
+ 
4H + 4e 
OH 
H2S + Et02CPh 
Scheme 7 
Sulfur analogues are even less well known in comparison, the 
only known preparation is the synthesis of 5-carbethoxy-2-methyl-3-
hydroxythiophene. 14  The compound is made in good yield by a similar 
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(CH3 )2 SO4 
S Li 	 S 	CH3 
! nBuLi 
OH 	Heat 	 OtBu 	
OtBu 
p TsOH C1C0Et 
Et02C 	S 	CH3 	Et02C 	S 	CH3 	Li 	S 	CH3 
Scheme 8 
So far no mention has been made of N-substituted electron-
withdrawing derivatives. Such compounds are best made by the reaction of 
symmetric imides with phosphoranes to give derivatives (17) which undergo 
intramolecular Wittig reactions to give the N-acylated 3-hydroxypyrroles 





R 	 X PPh3 
	?17 
N — H + 
0 







(ii) 3-HYDROXYPYRROLES AND 3-HYDROXYTHIOPHENES WITH 
TWO ELECTRON-WITHDRAWING SUBSTITUENTS. 
Compared with the previous section with one electron-
withdrawing substituent, compounds with two withdrawing substituents 
are rare. The majority of examples, particularly in the thiophene case, have 
been prepared by the familiar Dieckmann cyclisation routes, detailed earlier, 
to give substituents in the 2 and 4 positions. 
3-Hydroxypyrrole-2,4-dicarboXylic esters are readily obtained by 
an extension of the Dieckmann cyclisation shown in Scheme 1 
(R4 = CO2Et 8,36,37 or COCH3 37). When R4 =COCH3 an alternative mode of 
closure is possible at the acetyl CO, however the product observed showed 
full retention of the acetyl moiety, indicating a regiospecific cyclisation onto 
the ester CO. 37  The N-unsubstituted compounds may be prepared by direct 
cyclisation, R' = H,837  or by base cleavage of protecting ester groups, 
RI = CO2Et.36  In a related cyclisation process, the enamine 18a was reacted 
with acrylonitrile in the presence of sodium methylsulfinyl methide (dimsyl 
sodium) to give the ethyl 2-cyano-5-methyl-3-hydroxypyrrole-4-carboxylic 
ester in 64% yield. 38  Presumably acrylonitrile adds in a Michael fashion to 
18a allowing only one possible cyclisation pathway (similar to that described 
in Scheme 5) to form the pyrrolone 18b which subsequently eliminates 




EtOC 	0 2C 
 
CH3 N 	CN 
H 
18a 	 18b 
HN 	CO2Et 
CH3 
Et02C 	. CO2Et 










Z/ ~ \ .4 
Ar N 	CO2Et 
CH3 
14 
A range of 5-aryl39 and 	5-heteroaryl40 3-hydroxypyrrole- 
2,4-dicarboxylic esters has also been prepared by a Dieckmann cyclisation 
process. The Michael addition of ethyl sarcosinate to diethyl 
arylmethylidenemalonates (19) produces the adducts 20 which were 
conveniently cyclised to give the oxopyrrolidine diesters 21. These diesters 
were then found to undergo a facile oxidation with N-bromosuccinimide to 
give the hydroxypyrroles in reasonable yields (Scheme 10). 
21 
Scheme 10 
Although 3-hydroxythiophenes are known with electron-
withdrawing substituents in the 2- and 4- positions, no useful preparative 
route has ever been fully exploited. Hartke 4l,42 proposed Dieckmann 
cyclisation reactions of sulfides (22) analogous to those used for pyrrole 
formation, however in many of the cases there was the possibility of a 
competitive ring closure onto the nitrile to give a 3-aminothiophene 
derivative. This indeed was the case and as a result the product was often a 
15 
mixture of two thiophenes (Scheme 11). In the special case of R 3 = R4 = CO2Et 
(23) no such competition exists and the hydroxythiophene was the sole 
product, though isolated in a disappointing 37% yield. 




R5 R2 + R5 R2 
22 
11 	 11 
R2 = CO2Et CN 	COEt 	COEt 
Scheme 11 	R3 = CO2Et CO2Et CO2Et CO2Et 
R4 = CN 	CN 	CN 	 CO2Et 
R5 = CH3 	CH3 	Ph CH3 
23 
In a less versatile synthesis, 2-acetyl-3-hydroxythiophene-4-
carboxylic acid (25) was prepared in good yield from the previously 
mentioned 3-oxotetrahydro-4-thiophenecarboxylate (15). 31  Following 
O-acylation of 15, the product was oxidised by sulfuryl chloride to give the 
acetoxy ester (24). It was shown that subsequent hydrolysis in acidic media 
converted 24 to the desired methyl 3-hydroxythiophene-4-carboxylic ester 
while alkaline hydrolysis, with the exception of treatment with lithium 
iodide/sodium cyanide in DMF, caused complete decomposition of the 
thiophene ring system. Under these solitary conditions 24 was converted to 
the acetyl-rearranged hydroxy acid (25) where the unique Fries-like 
rearrangement may be envisaged as a result of deacylation followed by 
subsequent C-acylation of the intermediate enolate anion. 
16 
CH 3O2C 	OCOCH3 CH3 O2CO 	 [cH302cococH3] 
	
Z_ _  n— 0- 	n—x 




CH 0 C 	OCOCH 




3-Hydroxypyrroles with electron-withdrawing groups in the 2 
and 5 positions have been prepared by the standard Dieckmann route 
(Scheme 1) with R4 = CO2Et, however the yields have been typically JOW.3,43,44  
Both N-substituted 43' and N-unsubstituted 3 derivatives have been prepared 
in this way. Only one 3-hydroxythiophene of this type can be found in the 
literature, prepared not by a cyclisation reaction but by a procedure 
involving the metallation and diformylation of t-butoxythiophene (Scheme 
13).45  The dealkylation step was achieved by pyrolysis in the presence of 
p-toluenesulfonic acid to give the 2,5-diformyl product (26) in poor yield 
(30%). 
17 





OtBu 	(1) n BuLi 	OtBu 
(ii)DMF C/ \1 
Me2N —HC S CH — NMe2 	 S CH — NMe2 
OLi I 	OLi 	 OLi 
H20 
V OBu 	 OH 
p TsOH 
OHC S CHO 	OHC S CHO 
26 
Scheme 13 
The only examples of electron-withdrawing substituents in the 4,5 
or 1,5 positions are 3-hydroxypyrrole diesters. The 4,5-dicarboxylic ester 
was synthesised by Tallec in the electroreduction process (Scheme 7), and 
the 1,5 derivative was prepared by a Wittig reaction and cyclisation of ethyl 













(iii) 3-HYDROXYPYRROLES AND 3-HYDROXYTHIOPHENES WITH 
ELECTRON-DONATING SUBSTITUENTS. 
2-Monosubstituted 3-hydroxypyrroles and 3-hydroxythiophenes 
in which the 2-substituent is an electron-donating group are uncommon. In 
the thiophene case only one such example has been reported, prepared from 
a 1,2-dithiol-3-one (28) by an ill-defined multi-step process to give 2-amino-
5-phenyl-3-hydroxythiophene. 47  No experimental details were given 
however the compound was screened for fungicidal activity against the 




Although the analogous 2-monosubstituted-3-hydroxypyrroleS 
are unknown, a great deal is known about the 2,2-disubstituted derivatives 
in which one of these substituents is an electron-donating group. Unlike 
previous examples, these disubstituted compounds are unable to tautomerise 
to the hydroxypyrrole form, instead they are locked in the 1H-pyrrol-3(2H)- 
one form and henceforth will be referred to as pyrrolones. 2-Alkyl or aryl 
19 
derivatives may be obtained simply by oxidation of the corresponding 3-
hydroxypyrrole48  or by ring expansion reactions of diphenylcyclopropenone 
(Scheme 15). 9' 0  In the latter reaction, nucleophilic attack by the imino 
nitrogen on the cyclopropenone may give two products depending on the 
attacking site, however the major products were the pyrrol-3(21-1)-ones. 
Other preparations include the low yielding photooxygenation of 2,3,5-
trimethylpyrrole to give the 2,5-dimethyl-2-methoxy compound (13%)' and 
the treatment of isoxazolines with base to give a range of 2,5-disubstituted 
and 2,4,5trisubstituted-2-hydrOXypyrrol0ne5 (10-40%). 52 
Ph NR' 	
Ph 	0 	Ph 	Ph 
) 
=0 + )~ Z/ R2 	 R2+ )7= X R2 	 Ph N X ONX 
Ph 	 I R' 
Scheme 15 	 X = SMe, OEt, N(Me) 2 
R' = Me, Et, Ar 
R2 = Me, Ph 
For a long time it was known that ninhydrin reacted with primary 
amines from peptides to generate fluorescent materials. This observation 
formed the basis for an efficient assay of other primary amines, including 
amino acids, in which the amine was reacted with a mixture of 
phenylacetaldehyde and ninhydrin to give similar highly fluorescent 
products. However the nature of these fluorescent products were unknown 
until Weigele and co-workers reported that the active compounds were in 
fact pyrrolones (29). 53 Following that discovery a series of 
1,2,4trisubstituted-2-hydroxypyrrOlOfleS, with similar fluorescent properties, 
20 
were prepared from 2-methoxy-3(2H)-furanones (30) or their butenedione 
precursors (31) (Scheme 16). 53-57  
N(Me)2 	Ph 	0 
RNH2 	
OH 
Ph 	Ph 	 N Ph 
031 
	
OH 	 RNH2 
Ph 	0 	 Ph 	0 
/ R'OH 
/ 	OH - 	 / 	
OR' 
a Ph 	H2O 	0 Ph 
30 
Scheme 16 
This scheme was then adopted to improve the assay of primary 
amines by replacing ninhydrin and phenylacetaldehyde with a single 
reagent structurally related to 30. The compound which was designed and 
which has now superseded the fluorogenic riinhydrin reaction is 
'fluorescamine' (31) .54 






0 	ZF Me 
N Me 
Pr' 
29 	 31 	 32 
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The 4-aminopyrrolone (32) is the only pyrrole derivative with an 
electron-donating group in the 4-position. It is prepared in reasonable yield 
(72%) by reductive cleavage of the corresponding 4-azopyrrolone. 58 
Similarly thiophene derivatives with donating groups in the 4-position are 
restricted to one example, however this compound may be prepared by one 
of two distinct methods. In the first of these methods 59 
3,4-dihydroxythiOphefle (35) is isolated in excellent yield by the 
condensation of the thiodiglycolic diester (33) with diethyl oxalate followed 
by subsequent saponification and decarboxylation (Scheme 17). The 
compound is reported to be rapidly unstable, decomposing readily on 
exposure to heat, light and moisture. The alternative method 60 involves the 
stepwise bismetallation of 3,4-dibromothiophene and reaction with t-butyl 
perbenzoate to give 3,4-di-t-butoxythiophene (34), which is then dealkylated 
by pyrolysis in the presence of p-toluenesulfonic acid to give the dthydroxy 
compound (35). Spectroscopic evidence suggests that in fact the compound 
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Scheme 17 
The most common examples of 3-hydroxypyrroles and 
3-hydroxythiophenes containing electron-donating groups are those where 
the substituent is in the 5-position. The pyrrole derivatives are restricted to 
a range of 5-amino compounds, commonly substituted in the 4-position and 
available from the reactions of a-amino esters (Scheme 18) with 
ynamines,61 '62 to give 36 ( R' = H, alkyl, Ph, R2 = R2'=  H, alkyl, Ph, R4 = alkyl, 
Ph, R5 = R' = alkyl)], benzylic nitriles,63 or morpholine and related 
compounds64 [ to give 36 (R' = H, R2 =H, Me, R2 = H, R4 = Ph, 






R4 	 CO2Et 
I R2 
+ 	H, 
N 	R 2 
N(R5 ) 2 





,r\ 	Ph 	COEt 
	 Scheme 18 
0 	N -H+ 	I 
	
EtO 	N 	R2 
A number of simple 3-hydroxythiophefleS have recently been 
prepared in excellent yields by the flash vacuum pyrolysis of alkylthio 
Meidrum's acid derivatives (7,37).6567 Included in this set of compounds is 
the electron rich 5methylthiothiophefl-3(2H)'0ne obtained in 80% yield from 
the bismethylthio derivative 37 (Scheme 19). 










Scheme 19 	 37 
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Other isolated examples 	of 	5-amino- and 	5-alkoxy- 
thiophenones have been reported. The cyclisation reaction of phenyl 
isothiocyanate with ethyl ?-chloroacetoacetate gave the ethyl 5-anilino-3-
hydroxythiophene-4-carboxylic ester which was subsequently hydrolysed 
and decarboxylated to give the 5-amino compound (38) in acceptable yield. 68 
The 5-alkoxy derivative (39) was isolated from a mixture of products 
obtained from a series of manipulations on the readily available methyl 3-
hydroxythiophene-2-carboxylate (Scheme 20). 69 
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25 
The halogenated product 40 adds alcohols and then eliminates 
hydrogen chloride spontaneously to give the hydroxythiophene 41 which 
was successively O-alkylated and hydrolysed yielding the 2-carboxylic acid. 
In the final step the acid was simultaneously decarboxylated and partially 
dealkylated by aqueous acid to give a mixture of thiophenones in favour of 
the 3-one compound (2:1). 
4-Alkyl or 4-aryl pyrrolones with electron-donating groups in the 
1-position may be prepared, in yields up to 30%, by the reaction of 
substituted aldehydes with glyoxal dimethyihydrazone followed by 
hydrolysis of the resultant amino compound (Scheme 21). 0  
H 
I 
	 ro CN  
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Scheme 21 	 N 
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(iv) 3-HYDROXYPYRROLES AND 3-HYDROXYTHIOPHENES 
WITH ELECTRON-DONATING AND ELECTRON-WITHDRAWING 
SUBSTITUENTS 
A number of derivatives of this type have been prepared by 
methods described in previous sections.33,34 Indeed some of these 
compounds have featured in Schemes 417,18 and 17, 59 while others have been 
reported as intermediates. 68  In addition the following compounds were 
prepared by adaptations of syntheses detailed earlier. 
Gelin and co-workers 71 '72  isolated a vast range of 2-hydroxy-4-
ethoxycarbonylpyrrol-3(2H)-ones (42) using a similar strategy to that 
developed by Weigele (Scheme 16);5356 the yields in all cases were 
exceptionally good, typically 70-95%. 
EtO2C 	0 








Ph N NH—0O2Et 
CO2Et 
5-Amino-4-carboxylic ester derivatives (43) were also prepared in 
good yields (75-85%) by a modification of Scheme 5, proposed by Benary, 19'20 
in which a-cyano-y-chloroacetic esters were reacted with a series of aromatic 
amines.73 
Other pyrrolone syntheses include a low yielding photolysis 
process74  to give 44 and the condensation of diethyl oxalate with the diester 
45 to give the 3,4-dthydroxy-2,5-pyrroldicarboXyliC acid ethyl ester in 70% 
yield.75  The latter reaction is analogous to that proposed by Tilak described 
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Many examples of 3-hydroxythiophenes with both donating and 
withdrawing substituents have been made by cycisation processes. In the 
first of these, sulfur dichloride was reacted with the tetraketone 46 to give a 
range of 2,5-diacyl-3,4-dihydroxy derivatives in yields of 2040%;76 the 
reaction was believed to proceed via the dienolic form 47 of the tetraketone. 
Other Dieckmann-type cyclisation reactions (Scheme 22), which are 
mechanistically related to that of Fiesselmann et al (Scheme 2), yielded a 
series of 5-electron-donating derivatives (49). The precursors 48 were 
prepared by the reactions of alkyl halides with dimethyl 
monothionemalonat&7 and dithiocarboxylic acid salts 78 respectively 
(R2 = CO2Me, CO2Et, COPh, R4 = H, R5 = OMe 80-90% ; R2 = CN, CO2R, 
CONH2, R4 = CO2R, R5 = SCH2R2 78). 
CO2R (i) Na OEt 	
R4..CO2R Base 
No J~ low 
R5 S 	




[R5ScH2R2] I XCH2R2 







Finally, Lawesson prepared the highly unstable 5-carbethoxy-2,3-
dihydroxythiophefle compound (50) by a series of familiar metallation 
manipulations on 3-t-butoxythiophefle (Scheme 23).14 More recently the 
isomeric acid ethyl ester was also 
isolated (49% yield), prepared from the monosaponification and 
decarboxylation of the ethyl 2,5thiophendicarboXy1iC diethyl ester compond 
shown in Scheme 1778b 
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The keto-enol tautomerism of 3-hydroxypyrrole and 
3-hydroxythiophene systems has been briefly mentioned earlier in the 
Introduction. The following account will attempt to describe, in more detail, 
the nature of this tautomerism in the parent systems and in systems with 
electron-withdrawing and electron-donating substituents. Early work in 
differentiating between these two tautomeric forms was often done by 
conventional chemical tests or by UV and IR studies, however these methods 
commonly led to inconsistencies. A much better approach involves NMR 
spectroscopy, since the two tautomeric forms possess distinct 1H and 13C 
NMR signals which can be easily identified. 
(1) THE PARENT SYSTEMS 
3-Hydroxypyrrole has been made only once, isolated as an 
unstable oil which polymerised very rapidly. 79 In contrast the parent 
hydroxythiophene, which is also highly unstable, has been made on a 
number of occasions, firstly by Fiesselmann, Schipprak, and Zeitler in 1954, 
then again in 1956 by Ford and MacKay, 80 and more recently by Capon and 
Kwok,79 and Hunter and McNab. 67 
Using the information obtained from the 1H NMR spectra of these 
parent 3-hydroxyheterocycles the equilibrium constants for the keto-enol 
tautomerism may be calculated, Table 1 presents these equilibrium constants 
for a selection of solvents. 
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The equilibrium constants (K enol = enol/keto) for 
the parent hydroxy-heterocycles in various solvents. 
Solvent 3-Hydroxypyrrole 3-Hydroxythiophene 
CC14 resinified 1.11 
CDC13 resinified 0.522 
CD3CN 0.93 >50 
acetone-d6 >50 
dioxane-H20 (4:1) >50 
CH3CN-H20 (1:1) 7.76 
CH30H 0.406 >50 
H20 0.133 2.96 
DMSO-d6 >50 >50 
pure compound 0.435 9.00 
TABLE 1 
Two important points arise from the above table. Firstly 
3-hydroxythiophene appears to be relatively more stable with respect to its 
keto form than in the 3-hydroxypyrrole case. This is in agreement with the 
greater resonance stabilisation energy of thiophene (6.5 kcal moi 1 ) relative to 
pyrrole (5.3 kcal mo1 1),79  and hence is presumably a reflection of the higher 
aromaticity of thiophene. Similarly the enaminone conjugated system would 
be expected to be more resonance stabilised than its sulfur equivalent. 
Secondly the equilibrium constants for the tautomerism of both heterocycles 
varies quite dramatically with solvents. For example considerably more of 
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the enol form of the hydroxythiophene is found in [2H]6 DMSO as compared 
with H] chloroform where the keto tautomer is more dominant. These 
findings may be summarised by the general rule that in polar hydrogen 
bond acceptor solvents (e.g. DMSO) the enol form is favoured whereas in 
nonpolar solvents (e.g. CH03) the keto tautomer is favoured. 
(ii) WITH ELECTRON-WITHDRAWING SUBSTITUENTS 
Introducing an electron-withdrawing group into the 2-position of 
either heterocycle has a profound effect on the tautomerism, regardless of 
the nature of the solvent. Without exception the compounds are found 
completely in the enol form. 3 ' 8' 116  This dramatic stabilisation of the enol 
tautomer may be rationalised in terms of the strong polar (-I) and mesomeric 
(-R) effects of the substituent. The latter effect is of particular note since the 
electron-withdrawing substituent e.g. ketones, aldehydes, esters, may 
directly conjugate with the oxygen and nitrogen (or sulfur) lone pairs 
(Scheme 24). In addition, hydrogen bonding is also possible which further 
stabilises the enol tautomer (see later). Such processes are not possible with 
the keto tautomer. 
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Clearly with electron-withdrawing groups in the 4-position the 
situation is quite different. Conjugation with the oxygen lone pair is no 
longer possible and similar effects with the nitrogen or sulfur lone pairs are 
possible in both the enol and keto forms. In such cases the deciding factor in 
the keto/enol equilibrium is often the orientation which the 4-substituent 
adopts. For example with 4-acetyl derivatives the enol tautomer is favoured 
if the carbonyl is close enough to the hydroxyl proton to permit hydrogen 
bonding (see later). However when the 5-position is further substituted (e.g. 
by an alkyl group81) then the orientation which is required for 
intramolecular hydrogen bonding is eliminated by virtue of steric repulsions 
between the 4- and 5-substituents, hence the keto form may become 
increasingly favoured. In summary, derivatives with electron-withdrawing 
substituents in the 4-position may prefer to exist as either the enol 14' 27 or keto 
form,28 ' 81  but more commonly they exist as a mixture of both. 28 ' 29 
As described in the preceding section, derivatives of these 
hydroxyheterocycles with electron-withdrawing substituents in the 
5-position are relatively rare, those examples which have been reported 14' 82 
have been shown to adopt the enol configuration. Since intramolecular 
hydrogen bonding with the hydroxy group is no longer possible the 
dominating factors must be the -I and -R effects of the substituents. 
(ii) WITH ELECTRON-DONATING. SUBSTITUENTS 
This rather restricted category really only applies to derivatives 
substituted in the 4- and 5-positions since virtually all of the 2-substituted 
compounds described earlier were fixed in the keto form by additional 
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substituents in the 2-position. 
Although in the special case of 3,4-dthydroxythiophene there are 
three possible tautomeric forms which the compound may adopt 
(Scheme 25), 1H NMR spectroscopic evidence 60  [6 7.14(1H), 5.5-5.9(1H), and 
3.7(2H)] shows that the compound does in fact exist in the form 51. 
HO 	OH HO 	0 	0 	0 
n~~ 	~ 11 — — I 




5Amino-3-hydroxypyrrOleS exist exclusively in the keto 
tautomeric form 5261,64,83  presumably to accommodate the powerful 
conjugative effects of the nitrogen substituent through the enaminone unit. 
0 
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Similarly, and for similar reasons, 3-hydroxythiophefleS with 
5-electron-donating groups ( OMe, 9 PhNH,68 MeS'67 ) also exist 
predominantly in the keto tautomeric form. 
NMR SPECTRA 
The preceding account has already demonstrated that NMR 
spectroscopy is of the utmost importance in understanding the tautomerism 
of the 3-hydroxypyrrole and 3-hydroxythiophefle systems. Indeed this 
technique has been fundamental in differentiating between the two 
tautomeric forms and in establishing equilibrium constants for the keto-enol 
tautomerism in a number of solvents. 79 
In this section the spectral data for a number of 3-hydroxypyrroles 
and 3-hydroxythiophefleS1 together with their ketonic structures, are 
presented and contrasted in tabular form (Tables 2-7). As before this report 
is primarily concerned with derivatives containing electron-withdrawing 
and electron-donating substituents; more extensive reviews are presented in 
the articles by McNab and Monahan' and Gronowitz and Hornfeldt. 2 NMR 
data contained in the following tables clearly illustrate the powerful effects 
of electron-withdrawing and electron-donating groups on the parent 
systems, relaying important information regarding the nature of each 
heterocycle. 
(i) 3HYDROXYPYRROLES AND 3HYDROXYTHIOPHENES 
The 1H NMR spectra of selected 3-hydroxypyrroles and 
3-hydroxythiOphefles are shown in Tables 2 and 3. Spectra of the parent 
systems and derivatives with electron-donating substituents were recorded 
in [2H] 6  DMSO [since solvents of this type, see Section B(i), favour the enol 
tautomer, while the spectra of derivatives with electron-withdrawing 
substituents were recorded in a variety of solvents which are indicated. 




R1 	R2 	R4 	R5 	2-H 	4-H 	5-H 	OH 	3 14.5 T 	 41' 	 4' 	 Ref. 2.4 12.5 
H H H H 6.22 	5.60 6.43 9.76a 79 
H CO2Et H H 5.86 6.71 730b 	2.8C 8 
Me CO2Et H H 5.58 6.421 3.0 8 
Me H CO2Et H 6.86 6.15 7•40d 3.0 	27 
H Ph H CO2Et 6.60 3.40e 33 
H H CO2Et Me 6.02f 84 
Ph CO2Et CO2Et H 6.92 8.50b 37 
a[2H]6  DMSO 	 d[2H] chloroform 
b CC14
e  [2H]6 acetone 
C Also 3j,,5 = J1,4 = 2.8 Hz. 	I Also J1,2 = 2.0 Hz. 
TABLE 3 
1 H NMR PARAMETERS FOR 3-HYDROXYTHIOPHENES (54) 
)7\ R5 R2 
54 
R2 R4 R5 2-H 4-H 5-H OH 3J45 124 	 12.5 	 Ref. 
H H H 6.29 6.71 7.10 5.1 1.6 	3.2 	16 
CO2Et H H 6.71 7.34 9.65 5.3 14 11  
COMe H H 6.75 7.40 11.50 5.3 14b 
H CO2Et CH3 6.06 9.19 
H COMe H 6.33 7.90 9.80 3.3 
Me H CO2Et 7.39 6.91 
CO2Me H CO2Me 7.33 9.45 
COMe CO2H H 8.54 10.5 31 







A feature of the parent 3-hydroxypyrrole is that the f3-proton 
appears at a lower frequency than that of either of the a-protons, with 
conjugative donation from the hydroxyl group causing 2-H to be slightly 
shielded relative to 5-H (Table 2). In the parent 3-hydroxythiophene this 
shielding effect on 2-H is more pronounced to such an extent that 2-H 
appears at a lower frequency than the a-proton 4-H (Table 3). This is 
presumably due to the higher degree of aromaticity in the hydroxythiophene 
relative to the hydroxypyrrole. Three- and four-bond couplings for both the 
hydroxyheterocycles are rather typical of the parent pyrrole (1.5-2.8 Hz) and 
thiophene (1.3-5.0 Hz) systems. 85  A further coupling may be observed with 
N-unsubstituted-3-hydroxypyrrOles where the NH interacts with ring 
protons (2-3 Hz), however these effects are not always observed. 
Neither 2- nor 4-carboxylic esters cause any major differences in 
the chemical shifts of the hydroxypyrrole or hydroxythiophene ring protons, 
however such substituents in the 5-position have been shown to cause 
substantial deshielding of the adjacent 4-H (Tables 2,3). Most derivatives 
with electron-donating groups favour ketonic configurations and are found 
in the following section, however when the spectrum of 5-methylthio-3-
hydroxythiophene was recorded in [2H] DMSO the system was found to 
favour the enol configuration. Surprisingly 4-H shows no significant 
shielding, suggesting that the alkylthio moiety is in fact a weak electron-
donating group, presumably due to the poor conjugative effects of the sulfur 
lone pair. 
Another interesting feature of Table 3 is the diverse range of 
chemical shifts attributed to the hydroxylic proton of the various 
hydroxythiophenes. It is obvious that whenever the thiophene is substituted 
in the 2- and/or 4-position by electron-withdrawing carboxylic 
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functionalities, the chemical shifts of the corresponding hydroxyl protons are 
found at the high frequency end of the spectrum. Clearly this is a reflection 
of intramolecular hydrogen bonding between the carbonyl and the hydroxyl 
proton and indeed the strength of the bond may be rationalised by the 
chemical shift value. The higher the chemical shift of the proton the stronger 
the hydrogen bond. Consider first the 2-substituted case where the 
mesomeric effect of the substituent reinforces the hydrogen bonding. Such a 
process may be represented by the two canonical forms 55 and 56 shown in 
Scheme 26. It is reasonable to assume that an increase in the contribution 
from 56 would cause a subsequent deshielding in the hydroxyl proton and a 
stronger hydrogen bond. Clearly this is dependent on both the mesomeric 







Comparison of the hydroxyl proton chemical shifts relating to the 
2-acetyl (H  11.50) and 2-carbethoxy (oH 9.65) derivatives, indicates a 
stronger bond in the 2-acetyl case. It therefore follows that contribution from 
the canonical form 56 is greatest in the 2-acetyl derivative, which is 
somewhat surprising since the mesomeric strength of the two moieties are 
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approximately equal. However this may be explained since it is known 86 
that, in general, esters tautomerise to the enol form to a lesser extent than 
ketones. Such a tautomerism parallels the process described in Scheme 26 
and hence one would expect a smaller degree of contribution from 56 
(R=OEt ) for the carbethoxy derivative. 
The difference in the hydroxyl proton chemical shifts for the 
2-substituted and 4-substituted derivatives is readily explained by the lesser 
degree of bond order in the C(3)-C(4) bond relative to the C(2)-C(3) bond. 
Hence for the 4-substituted examples, canonical forms of the type 56 are not 
possible and although hydrogen bonding still occurs it is much weaker than 
in the 2-substituted case. 
Table 4 shows the 'C NMR parameters for a number of 
3-hydroxypyrroles and 3-hydroxythiophenes. The order of chemical shifts 
correspond to those in the 'H NMR spectra so that for 3-hydroxypyrrole 
ö (C-3) > ö(  (C-5) > öc (C-2) > c (C-4), and for 3-hydroxythiophene 
ö (C-3)> 8c  (C-5) > c (C-4) > c (C-2). As before the C-4 and C-2 chemical 
shifts in the thiophene are found in reverse order to those in the 
corresponding pyrrole. Conjugative electron-withdrawing substituents (e.g. 
ketones, carboxylic esters) in the 2-position cause significant deshielding at 
the 3- and 5-positions (57) leaving C-4 relatively unchanged. 
OH 
X=NR',S 









X 	R2 	R4 	R5 	C-2 	C-3 	C-4 	C-5 	Ref. 
NtBu H H H 101.16 143.37 97.60 114.18 87 
NH COR H H 117.20 157.35 98.63 125.74 88b 
NMe CO2Me H H 106.11 155.24 95.53 128.02 16b 
S H H H 98.0 155.1 119.9 124.4 16' 
S COEt H H 103.82 164.35 118.95 131.07 16b 
S H H SMe 100.1 154.4 122.5 134.6 16 
a 





(ii) 1HPYRROL3(2B)-ONES AND THIOPHEN-3(2H)-ONES 
A selection of pyrrolones and thiophenones typically with 
electron-donating groups in the 5-position are given in Tables 5 and 6; all 
spectra were recorded in [2H] chloroform. 
The spectra of both heterocycles are characterised by a distinctive 
set of doublets which are typical of an enaminone conjugated system and its 
sulfur equivalent. Cyclic model compounds (60,61) of these systems show 




60 	 61 
The doublets are widely spaced, particularly in the pyrrolone 
case, since 4-H is shielded by delocalisation from the lone pair on the 
heteroatom while 5-H is deshielded by the carbonyl moiety. This shielding 
at 4-H is intensified whenever electron-donating groups e.g. N(Me)21  OMe are 
substituted at the 5-position. Protons in the 2-position are relatively 
unaffected by substituents in the 4- or 5-positions, appearing at 8 H 3.6-4.1 for 
both pyrrolones and thiophenones. 
The three bond coupling (345) is also rather indicative of 
pyrrolone and thiophenone tautomers, typically 3-4 Hz for pyrrolones and 
5-6 Hz for thiophenones. However pyrrolone coupling patterns may be 
TABLE 5 
H NMR PARAMETERS OF 1H-PYRROL-3(2H)-ONES (58) 
R4 	0 




R1 	R2 	R2 	R4 	R5 	2-H 	4-H 	5-H 14-5 	Ref. 
Me H H H H 3.72 	5.07 	7.75 	3.0 81 
CHO H H H H 4.11 5.79 8.24 4.0 89 
N(Me)2 H H Ph H 4.10 	 7.00 	
a 70 
H H H CO2Et Me 3.80 5 
Me H H CN Pr 3.94 28 
Me H H H N(Me)2 3.63 	4.62 83 
Me H H Ph N(Me)2 3.77 61 
a 412,, = 2.0 Hz. 
TABLE 6 
'H NMR PARAMETERS OF THIOPEN-3(2H)-ONES (59) 
0 
R5 	S 	R2 
59 
R2 R2 R4 R5 2-H 4-H 	5-H 
314 
c 	 Ref. 
I-I H H H 3.58 6.22 	8.36 5.7 	16 
H H CN Pr 3.86 28 
H H H PhNH 3.7 5.5 68 
H H H OMe 3.65 5.55 69 
I-I H H SMe 3.61 5.88 16 
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complicated by additional four bond couplings (J2)  often broadening the 
5-H signal. 
13C NMR data are presented in Table 7 and even though the list is 
not extensive it can be seen that the chemical shifts once again reflect the 
enaminone (60) and the thio substituted enone (61) systems. However as 
observed in the 1H spectra, the pyrrolones and thiophenones show 
additional deshielding at C-5 relative to the model compounds [60: C-4 
190.8, C-5 8c 97.7, C-6 8c 154.8 (signals equivalent to C-3, C-4, and C-5 from 
the related pyrrolone); 92 61: C-4 5c 193.3, C-5 8c 123.4, C-6 8c 146.4 (signals 
equivalent to C-3, C-4, and C-5 from the related thiophenone) 93] which is 
presumably a reflection of better delocalisation due to the enforced planarity 
of the five membered ring. Additional substituents have their expected 
effects, for example electron-donating groups in the 5-position shift C-4 and 
C-3 to lower frequencies, 83  while the electron-withdrawing 4-cyano 
substituent deshields C5. 29 The signal from C-2 remains relatively constant 
regardless of substituents in the 4 or 5-positions (pyrrolone: ö ( 54-63, 
thiophenone: 8c 39-41). 
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1 C PARAMETERS OF 1H-PYRROL-3(21-I)-ONES 
AND THIOPHEN-3(2H)-ONES 
R4 	0 
R5 	X R 
X 	R2 	R2 	R4 	R5 	C-2 	C-3 	C-4 	C-5 Ref. 
NtBu H H H H 54.19 199.76 99.13 162.58 81 
NH Me H CN Me 60.83 197.13 82.99 178.84 29 
NMe H H H N(Me)2 63.32 193.76 87.36 179.87 83 
S H H H H 38.6 203.4 123.4 164.9 16 
S H H H SMe 40.6 197.9 115.7 182.5 16 
TABLE 7 
47 
REACTIONS OF 3-HYDROXYPYRROLES AND 
3-HYDROXYTHIOPHENES 
(1) ALKYLATION REACTIONS 
Alkylation reactions 	of 3-hydroxypyrroles and 
3-hydroxythiophefleS are very common since they are often used as 
preparative routes to the corresponding alkoxy compounds; comprehensive 
reports on such reactions have been compiled in relevant reviews. 12 In 
principle alkylation under basic conditions may give rise to O-alkylated 
and/or C-alkylated products via intermediates of the type 62/63 (Scheme 27), 
and, in addition, with N-unsubstituted pyrroles, N-alkylation may also 
occur. 
The regioselectivity between O-alkylation and C-alkylation in 
3-hydroxythiophenes and N-substituted 3-hydroxypyrroles has been widely 
investigated 16 ' 94  and can be explained for the most part in terms of the 'Hard 
and Soft Acid and Base Theory' (HSAB). 95 Treatment of the 
hydroxyheterocycle (in either tautomeric form) with base (e.g. NaH) yields 
the enolate anion 62/63 which presents two possible alkylation sites, one 
with a 'hard' centre (oxygen) and the other with a 'soft' centre (carbon). Since 
the HSAB theory predicts that hard acids react with hard bases and vice versa 
then O-alkylated products are favoured by hard alkylating agents 
(e.g. Me2SO4) whereas C-alkylated products are favoured by soft alkylating 
agents (e.g. Mel). Admittedly this is a rather simplified approach and other 
factors such as solvents and ring substituents must also be considered in 
order to predict selectivity. 
The following account represents a summary of reported 
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alkylations 	carried 	out on various 3-hydroxypyrroles 	and 
3-hydroxythiophefleS with special emphasis on derivatives containing 
electron-withdrawing or electron-donating substituents. Whenever possible 
comments will be made regarding the effects of these substituents on the 
reactivity and regioselectivity in each heterocycle. 
Due to the inherent sensitivity of the parent 3-hydroxypyrrole 
only one reaction has ever been reported 79 involving the in situ 
O-trimethylsilylatiOn with chiorotrimethylsilane and triethylamine in dry 
tetrahydrofuran. In contrast reactions with the parent 3-hydroxythiophene 
are relatively more well known. 16  O-alkylation of 3-hydroxythiophene was 
achieved (66%) in dimethylimidazolidinone (DM1), a dipolar aprotic solvent, 
by treatment with sodium hydride and the 'hard' alkylating agent methyl 
p-toluenesulfonate. The reaction was tailored for regiospecific O-alkylation 
by the careful choice of alkylating agent (see HSAB theory) and solvent. 
Solvent choice is based on the theory 96 that O-alkylation is 
generally favoured when the anion (62), which is generated by treatment 
with base, is as 'free' as possible. This may be achieved with polar aprotic 
solvents e.g.DMSO, DM1 which disrupt the ion pair by solvation of the 
corresponding cation. Alternatively, if C-alkylation is the objective then non 
polar solvents which solvate the cation to a lesser degree (e.g. THF), or protic 
solvents which bind the anion,should be used. 
3-HydroxypyrroleS and 3-hydroxythiophenes with adjacent 
carbonyl-substituents are almost exclusively alkylated on oxygen under 
relatively mild conditions, presumably due to the conjugative stabilisation of 
the anion (63) formed after treatment with base. Methoxy derivatives may 
be obtained using dimethyl sulfate and dilute sodium hydroxid&' 15 ' 21 ' 27'97 or 
potassium carbonate. 3  Diazomethane may also be used,92128 '36 particularly 
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with 3-hydroxythiophenes, although there are a number of cases where this 
reagent has failed. 3 '27'97 Other O-alkylating agents include 
Mel / acetone /K2CO3 3 and H /MeOH/p-TSA/ •31 
With N-unsubstituted 3-hydroxypyrroles mixtures of O-alkylated 
and NO-dialkylated products may occur e.g. whenever ethyl 
3-hydroxypyrrole-2-carboXylate is treated with benzyl chloride in 
acetone/K2CO3  both the alkylated and dialkylated products are obtained in 
a ratio of 3 2. 81 In contrast there are a number of examples where 
N-unsubstituted derivatives are treated with other alkylating reagents and 
give no indication of N-alkylated products. 3 '97 Hence it may be possible that 
as with C/O-regioselectivity, the choice of alkylating agent may be 
important in controlling the site of reaction. 
C-Alkylated 3-hydroxypyrroles derived from 2-carboxylic ester 
substrates are indeed rare but examples have been prepared in good yields 
(65-85%) by treatment with NaH/MeI in degassed benzene. 98 Whenever 
N-unsubstituted precursors are alkylated under these conditions the product 
may result in a mixture of the C-alkylated and C,N-dialkylated derivatives. 
If required the dialkylated compound can be isolated in greater yields by 
increasing the alkylating agent to a ten fold excess. 
The alkylation reaction of 4-substituted-N-unsubstituted-3-
hydroxypyrrole-2-carboxylic esters with 2,3-dihydropyran in the presence of 
an acidic catalyst gives the O-alkylated or C-alkylated products exclusively. 3 
Surprisingly the determining factor for selectivity of the alkylation site 
appears to be controlled by the incorporation of an alkyl substituent in the 5-
position; in the absence of such a substituent the reaction proceeds to give 
the 0-alkylated product, whereas if the position is occupied then the 
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Alkylation reactions of 1H-pyrrol-3(2H)-ones and thiophen-3(21-1)-
ones with electron donating substituents are almost unknown. 
Methylenation reactions of 3,4-dthydroxy- pyrrole- and thiophene-2,5-
dicarboxylates with bromochioromethane and K 2CO3 in DMF have been 
reported.75  In the thiophene case the 3,4-methylenedioxythiophene 
derivatives 64, 65 are formed together with the dimer 66 as a by-product, 
whereas methylenation of the pyrrole yields only the dimer 67. More recent 
O-alkylation reactions of 1-methyl-5-dimethylamino-pyrrOl-3(2H)-Ofle and 
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(ii) ACYLATION REACTIONS 
Owing to the hard nature of acylating agents e.g. acyl chlorides 
and acyl anhydrides, O-acylation has always been observed, even with 
systems where alkylation occurred predominantly at the 2-carbon atom. 
Acylation reactions are very common and usually very high yielding, indeed 
such reactions have often been used for the characterisation of a number of 
hydroxypyrroles and hydroxythiophenes. 
Acylation reactions of derivatives containing electron-
withdrawing groups are particularly common. 3-Hydroxypyrrole-2-
carboxamides are acylated by acetic anhydride 99  and similarly 2-carboxylic 
ester derivatives with acetic anhydride and sodium acetate 3 to give the 
appropriate compound 68 (X = NH, R2 = CONHMe, R3 ' =  Me, R4 = H, R5 = Ph99; 
X = NH, R2 = CO2Et, CO2CH2Ph, R3 = Me, R4 = Me, R5 = Me, H3 ). 
R3 
R4 O 




O-Acylated derivatives containing 4-electron-withdrawing 
substitutents ( e.g. 68: X = NMe, R2 = R5 = H, R3 = Me, R4 = CO2Et;27 X = S, 
R2 = R5 = H, R3 = Me, R4 = CO 2H31 ) were prepared using acetic anhydride, 27 
acetic anhydride in sodium acetate, 20 acetic anhydride in pyridine, 29 or acetic 
anhydride with a catalytic amount of H 2SO4 . 31 In addition the 4-cyano 
hydroxythiophenes and pyrroles prepared by Kay and Punja 28 can be readily 
converted to their methyl- and dimethyl carbamates using methyl isocyanate 
and triethylamine, and dimethyl carbamoyl chloride and NaH 
respectively. 28  O-Acylated products may also be prepared from precursors 
with electron-withdrawing groups in the 5positionh 00 however reactions of 
this type are not as well known. 
O-Acylations of derivatives containing electron-donating 
substituents in the 4- and 5-positions have also been achieved in excellent 
yields. Treatment of 3,4-dihydroxypyrrole-2,5-dicarboxylate with acetic 
anhydride and sodium sulfate gives the diacylated compound in 97% 
yield,75  whereas the reaction of 5-methylthio-thiophen-3(2H)-one with acetyl 
chloride and triethylamine in THF yields the corresponding O-acylated 
compound in 83% yield. 16 In contrast the reaction of 1-methyl-5-
dimethylamino-pyrrol-3(2H)-one with acetyl chloride and triethylamine in 
THF gives the diacylated product 69.83  Presumably the reaction proceeds via 
the mono O-acylated derivative which subsequently undergoes further 
reaction in the 2-position to yield 69. This is unusual in that C-alkylated 
products are generally not observed. Evidently the difference is the electron-
donating dimethylamino substituent which sufficiently activates the 








(iii) REACTIONS WITH ELECTROPHILES 
This section encompasses a varied range of reactions which have 
been adequately reviewed for both the 3-hydroxypyrrole 1 and 
3-hydroxythiophene2  systems. Surprisingly such reactions for heterocycles 
substituted by electron-withdrawing and/or electron-donating groups are 
virtually unknown leaving this area rather ill-defined. The few examples 
which are known are detailed fully in the appropriate reviews. Therefore 
the emphasis on the following account is to present a theoretical approach to 
electrophilic substitution and to try and predict the effects of electron 
-withdrawing and -donating substituents. 
3-Hydroxypyrroles and 3-hydroxythiophenes are 'electron-rich' 
systems and as such would be expected to be very reactive toward 
electrophiles. Regioselectivity is strongly dependant on the particular 
tautomeric form which the system occupies and hence the substituent effects 
and solvent effects which have previously been mentioned are of prime 
importance. Simple considerations of the resonance structures of the enol 
tautomer predict that the 2-position would be the most reactive and the 
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Clearly with the keto tautomer the only plausible site for reaction 
is the 4-position (Scheme 30). 
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Substituents can affect the site of reaction by either blocking the 
most reactive site or by activating or deactivating positions through 
conjugative, inductive, or steric effects. Strong electron withdrawing groups 
blocking the most reactive 2-position of 3-hydroxypyrroles or 
3-hydroxythiophenes may sufficiently deactivate the 5-position as to direct 
electrophilic substitution to the 4-position. Withdrawing groups in the 4- or 
5-positions are unlikely to affect regioselectivity in the 2-position however, 
particularly in the 5-substituted case, they may cause a decrease in reactivity. 
Electron-donating derivatives usually adopt the keto form and are typically 
substituted in the 5-position enhancing the reactivity at the 4-position via 
enone conjugation. 
Examples demonstrating the regioselectivity and reactivity of 
many of these systems towards electrophiles are described in the relevant 
sections of the Discussion. 
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DISCUSSION 
THE PREPARATION AND PROPERTIES OF 
5-METHYLENE MELDRUM'S ACID DERIVATIVES 
In 1908, A. N. Meidrum observed that malonic acid and acetone 
reacted in acetic anhydride, with the addition of a little sulfuric acid, to give 
a white crystalline product which titrated as a monobasic acid and evolved 
carbon dioxide on heating. 101  Based on the evidence at the time he proposed 
that the structure of the new compound was -dimethyl--propiolactone-
a-carboxylic acid (70). This view persisted for forty years until Davidson 
and Bernhard showed that this structure was infact incorrect and that the 








Meidrum's acid has been described as a 'remarkable reagent of 
versatile reactivities', with the susceptibility to electrophilic attack at C-5 (via 
the anion) and to nucleophilic attack at C-4 and C-6 together with the unique 
fagmentation of the ring under pyrolysis conditions making this compound 
extremely useful in organic syntheses- 103  For the most part, work described 
within this thesis is essentially an exploitation of Meldrum's acid chemistry 
where the parent system is initially converted to a range of 5-methylene 
derivatives which are then pyrolysed to produce a number of substituted 
1H-pyrrol-3(2H)-ones (or 3-hydroxypyrroles) or thiophen-3(2F)-ones 
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(or 3-hydroxythiopheneS). 
The development of such a methodology stems largely from the 
preparation of 5-methoxymethylene Meldrum's acid (72). 104 This compound, 
which is readily obtained by treatment of Meidrum's acid with trimethyl 
orthoformate, has been shown to react with a number of amines 105 and 
thiols16  to give a large range of 5-methylene derivatives (73). Subsequent 
pyrolysis of these derivatives produces the appropriate pyrrolone or 
thiophenone. Unfortunately this methodology is limited in that it only 
allows for the preparation of C-unsubstituted, 2-substituted, or 
2,2-disubstituted pyrrolones or thiophenones, however with the publication 
of two papers concerned with the synthesis 106  and properties 107  of 
binethylthio)methylene Meidrum's acid (37), the scope of the reaction 
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(Bismethylthio)methylene Meldrum's acid is readily prepared 
from the one pot reaction of Meldrum's acid with carbon disulfide and 
methyl iodide. This reagent may then be reacted with a number of Grignard 
reagents and\or amines to give a series of 5-methylene Meidrum's acid 
derivatives which serve as suitable pyrolysis precursors for the preparation 
of 5-substituted pyrrolones or thiophenones. A brief summary of the various 
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reactions associated with 37 are presented in Scheme 31. 
R = Ar, Me, thienyl; R' = Me; R2 = H, Ph 
A: X = S; R2 = H; R = thienyl, Me 
X=NR';R' = Me; R 2 = H,Ph; R = Ph, NMe 2  
Scheme 31 
Although a number of 5-alkyl or 5-aryl substituted pyrrolones and 
thiophenones (or 3-hydroxypyrroles and 3-hydroxythiophenes) have been 
made by this strategy, few derivatives have been prepared where the 5-
substituent is an electron-donating group. In addition the methodology has 
previously been unable to functionalise the 5-position with electron-
withdrawing moieties. Work described within this thesis addresses the 
synthesis of such systems, extending the pyrrolone and thiophenone series to 
include further electron-donating and novel electron-withdrawing 
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substituents in the 5-position, and in order to accomplish this, new 
Meldrum's acid precursors were synthesised. Included in this new series of 
Meldrum's acid derivatives are a range of 5-cyanomethylene compounds 
prepared from (bismethylthio)methylene Meldrums acid and a number of 
diamino-, alkoxyamino- and (alkyl \ arylthio)amino-methylene derivatives 
isolated from 5-(1-chloro-1-NN-dimethylamiflO)methylene Meidrum's acid. 
(i) 	THE PREPARATION AND REACTIONS OF 
5-CYANOMETHYLENE MELDRUM'S ACID DERIVATIVES. 
It had been reported 108 that the treatment of the ketenethioacetal 
derivatives (74,75) with sodium cyanide yielded products in which one of 
the methylthio groups had been displaced by a cyanide ion. Subsequent 
reactions of these compounds with nucleophiles (e.g. amines ) gave 
compounds where the remaining methylthio moiety was also displaced. 
Furthermore, it was shown that in an excess of the amine or in reactions with 
a diamine e.g. 2-aminoaniline, ciisubstitution of the methylthio and adjacent 
cyano groups may be possible (Scheme 32). 
By analogy the same strategy might be applied to 
(bismethylthio)methylene Meldrum's acid (37) enabling the preparation of a 
number of 5-cyanomethylene and diaminomethylene Meidrum's acid 
derivatives. In practice reaction of the bismethylthio derivative with an 
excess of sodium cyanide in DMSO proceeds efficiently and almost 
instantaneously to yield 5-(1-cyano-1-methylthio)methylene Meidrum's acid 
(76) (67%). A key feature of the success of this reaction involved the 
treatment of the reaction mixture with concentrated hydrochloric acid (35%). 
With a more dilute acid work-up (5-10%), such as that described for the 
analogous reaction with 74 or 75, the 5-cyanomethylene product was 
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In a similar way to before 108 the 5-cyanomethylthiomethylene 
derivative (76) reacted with a number of aliphatic amines to give the 
corresponding 5-aminomethylene compounds (77,78). Displacement of the 
methylthio group occured under mild conditions (stirring at room 
temperature in acetonitrile) and with complete specificity. However the 
cyano compound failed to react with less nucleophilic aromatic amines such 
as N-methylaniline. Because of the handling problem associated with highly 
volatile dimethylamine, substitution of the methylthio group was often 
accompanied by a further displacement of the cyano moiety, and indeed 
with 	a 	two fold excess 	of 	the 	amine 5-(1,1-N,N,N',N'- 
tetramethyldiamino)methylene Meidrum's acid (79) was isolated as the sole 
product (43%, not optimised). To avoid this problem of disubstitution a 
stock solution of dirnethylamine in acetonitrile was prepared, of a known 
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molarity, and appropriate aliquots were removed and reacted with the 
5-cyanomethylene derivative. However the possibility of disubstitution was 
also an attractive one and the cyano derivative was shown to react under 
normal conditions with N,N-dimethyl-1,3-propanediamine to give the 
bicyclic derivative 80 in excellent yield (76%). A summary of the reactions of 
5(1cyano1methylthiO)methylene Meldrum's acid is illustrated in Scheme 
33. 
R'= Me 
(i) HNR'R2 , (ii) 2 equiv HNMe2 , (iii) MeNH(CH2)3NHMe, (iv) FVP 
Scheme 33 
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As a result of the success in replacing a methylthio moiety from 
the (bismethylthio)methylene derivative with a cyano group, similar 
reactions were attempted with monosubstituted methylene analogues. 
5-Methylthiomethylefle Meidrum's acid and the related 5-phenylthio 
compound were each treated with sodium cyanide and the respective 
mixtures acidified with HC1 in the usual manner. The 1H NMR spectra of 
the products,which were isolated )were on the whole complex, particularly in 
the region H 1-3, however it was clear that in both reactions the methylthio 
and phenylthio groups had not been displaced. One distinct feature of both 
spectra were a pair of doublets which were recorded at H  4.34 and 3.87 (18.9 
Hz) for the 5-methylthio product, and 8H 4.51 and 4.32 (12.5 Hz) for the 
corresponding 5-phenylthio product which may be consistent with an 
addition rather than a substitution process, however mass spectra for the 
products were inconclusive. 
To try to probe these reactions further, experiments were 
designed such that the progress of the reaction could be followed by 1H and 
13C NMR spectroscopy. One such reaction is depicted in Figure 1 where it is 
clear that addition of the sodium cyanide solution (in D 20) causes an 
immediate change in the spectrum, illustrated by a disappearance of the 
methine C-7 signal at 5c  174.67 [Spectrum A (DEPT 3it/4)] and a 
corresponding emergence of a signal 8 c 30.39 in the low frequency region 
[Spectrum B (DEPT 3ir/4)]. In conjunction Spectrum C describes a DEPT ic/2 
experiment which firmly establishes assignment of this new signal at 
Bc  30.39 to a methine carbon. Furthermore the environment of the 
methylthio carbon and the Meldrum's acid methyl carbons are also slightly 
perturbed since both signals in Spectrum B show a net shielding in 
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-1.34]. From the full 13C NMR spectrum of the product (Spectrum D) it is 
evident that the system gains an extra quaternary at a position which is 
characteristic for nitrile carbons; 8 c  119.17. In addition the remainder of the 
quaternaries are typical of Meidrum's acid carbons with the notable 
exception of C-5 (6c  68.72) which shows a large shielding from the norm ( 
80-110). Taken collectively the spectra A-D are highly indicative of the 
generation of the anion 81, formed by the addition of a cyanide ion to the 
Meidrum's acid derivative (Scheme 34). Clearly 81 would be stabilised by 
delocalisation of the negative charge and indeed adducts of this type are 
fairly common with similar nucleophilic reactions involving other 
5-methylene Meldrum's acid derivatives- 109 Assuming formation of such an 
adduct, then a full assignment of the 13C NMR data from spectrum D is 
given in Figure 2. 
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Similarly, 13C NMR spectra obtained from the analogous reaction 
of 5-phenyithiomethylene Meldrum's acid with sodium cyanide also 
suggests the formation of an anion type structure. Indeed comparison of the 
NMR parameters associated with this product (Figure 3) and that of the 
5-methylthio derivative clearly shows little variation. 
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In order to recreate the acid work-up conditions used in the initial 
reaction with 5-phenyithiomethylene Meidrum's acid, the product formed in 
the NMR reaction was treated with trifluoroacetic acid (TFA), however the 
results proved inconclusive. Nevertheless it is reasonable to assume that 
treatment of the anion (Figure 3) with acid might result in protonation to 
give 82. Indeed this would explain the observed doublet which was evident 
in the initial 1H NMR spectrum. Unfortunately DEPT 31r/4 experiments on 













Applying these results to the reaction of (bismethylthio)methylene 
Meidrum's acid and sodium cyanide, it seems possible that the reaction 
proceeds via the anion 83. However unlike the case with the 
•monosubstituted methylene derivative subsequent acidification of 83 yields 
the 5-cyanomethylene derivative 76. Assuming that acidification of 83 gives 
the protonated adduct 84 then clearly the only difference in the structures 82 
and 84 is the presence of the second methylthio group. This moiety may 
then facilitate the expulsion of thiomethane to generate 5-(1-cyano-1-
methylthio)methylene Meidrum's acid. 
(ii) 	 THE PREPARATION AND REACTIONS OF 
5(l-CHLORO-1-N,N-DIMETHYLAMINO)METHYLENE 
MELDRUM'S ACID 
It is well known °  that dichioromethylenimirtium salts of the type 85 
COW )ouul. 
react with active methylene; A to give a-chloroenammo derivatives (86) 
(Scheme 35). 
Me + Cl - 	X 	Base 	Me2N 	X 
N=< Cl + 
Me 	Cl 	Y 	 Cl 	Y 
85 	 86 
X,Y = CO2Et, CN 
Scheme 35 
Clearly an analogy to Meldrum's acid can be drawn and indeed it 
was recently shown that dichioromethylene-dimethylimmonium chloride 
[phosgeniminium chloride (PI)]kreacts with Meidrum's acid in the presence 
of base to give 5-(1-chloro-1-NN-dimethylamino)methylefle Meidrum's acid 
(87) in reasonable yield (60%).hhl It is interesting that this particular reaction 
proceeds without base whereas the analogous reaction with malonic diesters 
requires the presence of base. This is readily explained by the extraordinary 
acidity of Meidrum's acid (pK 4.83)1 10 which is some ten pK units more 
acidic than acyclic malonate esters. 
However it was found that this condensation reaction was not 
quite as straightforward as it at first seemed. Attempts to reproduce the 
preparation under the literature method occasionally failed, and complete 
decomposition of the product was observed. There is at present no 
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explanation for this, although it appears that the compound is notably air 
and/or moisture sensitive. Nevertheless ensuring fresh starting material 
(PT), dry solvent (chloroform), and careful treatment of the product (see 
Experimental) then the 5-chioromethylefle derivative was often isolated in 
yields which were consistent with the literature. 
ofo 
Cl NMe 
The 5-chioromethylene derivative (87) proved to be an invaluable 
compound showing a high versatility in its reactions with nucleophiles. It 
successfully reacted with a number of nitrogen, oxygen, and sulfur 
nucleophiles which readily displaced the labile chlorine atom. 
Amines react with the Meidrum's acid derivative, in acetonitrile, 
and in the presence of base to give the diaminomethylene derivatives 79, 88-
93 (Scheme 36). The reactions proceed under room temperature conditions 
even for aromatic amines, however it is noteworthy that in the case of the 
very weakly nucleophilic p-nitro-N-methylafliline no reaction occured even 
with heating. However in general, this method provides a useful route to 
diaminomethylefle derivatives which supersedes the existing methodology 
in which the methylthio groups of (bismethylthio)methYlefle Meidrum's acid 
(37) are displaced in a stepwise fashion with amines (Scheme 31).8 3 In the 
latter method the second displacement is often difficult and requires vast 
excesses of the amine. 
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The lability of the chlorine atom was further exemplified by the 
reaction of 87 with cold methanol which gave 5-(1-N,N-dimethyl-1-
methoxy)methylene Meldrum* s  acid (94) in high yield (91%). Attempts to 
displace the chlorine atom with other O-nucleophiles such as Ph0 or 
CH3COO were unsuccessful. 
In contrast to the reaction with phenol, the sulfur equivalent, 
thiophenol, reacted with 5-chloromethylene Meidrum's acid under the 
standard amine conditions to give 5-(1-N,N-dimethylamino-1-
phenylthio)methylefle Meldrum's acid (95) in 74% yield. This is not 
surprising since sulfur compounds are generally classed as better 
nucleophiles than their oxygen analogues by virtue of solvation effects 
and/or HSAB (hard and soft acids and bases) principles. However the 
corresponding reaction with t-butylthiol gave 5-(1-t-butylthio-1-N,N-
dimethylamino)methylene Meldrum's acid (96) only after extremely forcing 
conditions (10% yield), presumably because of steric hindrance. 
A summary of the reactions of the 5-chloromethylene derivative 
with N-, 0-, and S-nucleophiles is presented in Scheme 36. 
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(i) MeOHIEt 3NIMeCN (ii) RS11/Et 3N/MeCN (iii) R'R2NH/Et3N/MeCN 
Scheme 36 
(iii) 	THE REACTIONS OF 5-METHYLENE MELDRUM'S ACID 
DERIVATIVES WITH GRIGNARD AND ORGANOLITHIUM 
REAGENTS. 
It has been found that Grignard reagents readily add to 
5-methylene Meidrum's 	acid derivatives in 	a 	conjugate fashion 
(Scheme 37).113 
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More recently it was shown that Grignard reagents also added in 
a similar fashion to (bismethylthio)methylene Meidrum's acid 107 (37), 
generating the addition intermediate (97) which was subsequently converted 
to the 5-methyithiomethylene derivative by hydrolysis. A clear advantage of 
this method is that further substitution of the remaining methylthio group 
does not occur even with a three fold excess of the Grignard reagent. This 
enables additional manipulations to be performed on the 
5-methylthiomethylene product, and in particular allows the preparation of 
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An important application of these organometallic reactions is in 
the synthesis of analogues of the prodigiosin series of antibiotics (98). It has 
been shown114  that the reaction of thienylmagnesium bromide with 
(bismethylthio)methylene Meldrum's acid gives the derivative 99 which 
pyrolyses to the thiophen-3(2H)-one 100. Subsequent O-alkylation, 
formylation, and coupling steps generate the three ring system 101, which is 
directly related to the prodigiosins (Scheme 38). 
Clearly the initial reaction with the Grignard reagent is of key 
importance since it introduces ring A into the final product. Therefore work 
was undertaken to explore the reactivity of 5-(1-chloro-1-N,N-
dimethylamino)methylefle Meldrum's acid (87) (and related compounds) 
towards both Grignard and organolithium reagents since this substrate 
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Scheme 38 
The 5-chioromethylene derivative (87) reacts readily with 
thienylmagnesium bromide to give 5-(1-N,N-dimethylamino4-
thienyl)methylene Meidrum's acid (102) in 71% yield. The reaction was 
performed under reaction conditions previously reported for the 
(bismethylthio)methylene derivative (37)16107, and once again the method 
involved reverse addition of the Grignard reagent. However in contrast to 
the latter reaction with 37, a three fold excess of the Grignard reagent gave 
disubstitution and 5-(bisthienyl)methylene Meidrum's acid (103) was 
isolated in a surprisingly high yield (86%). Indeed the reaction proved 
extremely facile and was complete within 30 min at room temperature. It is 
rather curious that such a process should occur, particularly in light of the 
corresponding reaction with 37. However it may be rationalised in terms of 
the high lability of the chlorine ion. Presumably the Gngnard reagent adds 
76 
in the usual conjugate fashion to give 104, however because of the lability of 
the chlorine ion this system may subsequently form the monosubstituted 
derivative 102 before work-up. Clearly this monosubstituted derivative can 
undergo a second addition process generating the intermediate 105 which 
may be ultimately converted to 103 on work-up (Scheme 39). 
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With the corresponding (bismethylthio)methylene derivative such 
a process is unlikely and the intermediate 97 persists until work-up when the 
5-thienyl derivative is formed. Obviously such a hypothesis may be tested 
by the reaction of 5-(1-methylthio-1-thienyl)methylefle Meidrum's acid (99) 
and thienylmagnesium bromide in which one would expect formation of the 
disubstituted product. 
The analogous Grignard reaction of the 5-chioromethylene 
derivative and phenylmagnesium bromide gave the expected 5-(1-N,N-
dimethy1aminO1pheflyl)methylene Meldrum's acid (106) in 64% yield. 
However unlike the corresponding reaction with thienylmagnesium 
bromide the preparation required heating and no disubstituted product was 
found. 
Surprisingly methylmagnesium chloride failed to react with 5-(1-
chloro-1-N,N-dimethylaminO)methylene Meidrum's acid. This is in sharp 
contrast to the corresponding reaction with the (bismethylthio)methylene 
derivative which isolated 5-(1-methyl-1-methylthio)methylene Meldrum's 
acid in high yield (90%).107 The failure of such a reaction may be explained 
by poor quality methylmagnesium chloride. 
106 	 107 
Similar organometallic reactions were also attempted using 
organolithium reagents. However unlike the previous reactions with 
Grignard reactions the product mixture was often complex, which may be in 
part attributed to the higher degree of reactivity of the lithium reagent. 
Interestingly the reaction involving the 5-chloromethylene 
derivative and one equivalent of 2-lithiobenzothiophene gave the 
disubstituted product, 5-(bisbenzothienyl)methylene Meidrum's acid (107) 
(18%, not optimised) under room temperature conditions. At lower 
temperatures a mixture of the disubstituted and monosubstituted derivatives 
were obtained in a ratio of 2:1. Clearly the 5-chloromethylene compound 
readily undergoes disubstitution process with organolithium reagents, more 
so than in the Grignard case. However because of the high reactivity of 
organolithium reagents these reactions may also be accompanied by other 
ring cleavage processes. Indeed the reaction with 2-lithiothiophene, which 
worked so well in the analogous Grignard case, failed to give the 
disubstituted and/or monosubstituted products and instead resulted in the 
formation of a complex mixture. 
The reactivity of 5-( 1-N,N-dimethylamino-1-methoxy)methylene 
Meidrum's acid (94) towards organometallic reagents was also explored. In 
light of the previous success with thienylmagnesium bromide, this Grignard 
was selected and subsequently reacted with one equivalent of the 
5-methoxymethylene derivative. Not surprisingly the reaction gave the 
familiar 5-thieny1methylene derivative 102 in good yield (64%), however it 
was found that the reaction required more forcing conditions than the 
related 5-chloromethylene precursor. 
It has been shown that, in general, organolithium reagents are 
poor substitutes for their Grignard analogues, and this was further 
FT- 
exemplified by treatment of the 5-methoxymethylene derivative (94) with 
2-lithiothiophene. As before the product mixture, even at low temperatures, 
was complex, however crude separation was achieved by trituration and the 
familiar 5-thienylmethylene derivative (102) was isolated in low yield (28%). 
Notably unlike the corresponding reaction involving the 5-chloromethylene 
derivative and 2-lithiobenzothiophene, no disubstituted product was found. 
Once again this may be rationalised in terms of leaving groups since the 
chloride ion is clearly more labile than the methoxide ion (see earlier). In 
any event it supports the view that in general the 5-methoxymethylene 
derivative is less reactive than its 5-chioromethylene counterpart. 
To summarise, conjugate addition of Grignard reagents to 5-(1-
chloro-1-N,N-dimethylamino)methylene and 5-(1-N,N-dimethylamino-1-
methoxy)methylene Meldrum's acid derivatives (87,94) seems dependent on 
the nature of the Grignard reagent itself. However in general the reactions 
proceed much more cleanly than with the corresponding organolithium 
reagents to give products in which the chloride or methoxy groups are 
preferentially displaced (102,106). 
With the 5-(1-chloro-1-NN-dimethylamino)methylene derivative 
displacement of the amine moiety may also occur to give disubstituted 
products (103,107). Such a process may be a reflection of the high lability of 
the chlorine ion. 
A brief review of the various organometallic reactions which have 
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(i) I equiv. thienylmagnesium bromideiTHFlR.T. (ii) I equiv. phenylmagnesium bromide/THF/heat 1.5 h 
(iii) 3 equiv. thienylmagnesium bromide/THF/R.T. (iv) I equiv. 2-lithiobenzothiophenelTHFlR.T. 
(v) Iequiv. thienylmagnesium bromidefTHF/heat I h (vi) I equiv. 2-Iithiothiophene/THF/-73 °C 
Scheme 40 
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(iv) 	NMR STUDIES OF DISUBSTITUTED 5-METHYLENE 
MELDRUM'S ACID DERIVATIVES 
A number of NMR studies 105 ' 115' 6  have been carried out on a 
range of monosubstituted 5-methylene Meidrum's acid compounds, and 
more recently similar studies were extended to the disubstituted series. 16 
With the development of the preparation and reactions of the 5-cyano- and 
5-chioromethylefle derivatives (76,87) this latter category of disubstituted 
compounds has now become much more diverse and subsequently more 
interesting. The following section describes some of the important NMR 
.characteristics of such compounds. 
It has been shown 105 ' 115' 6  that 5-aminomethylene Meidrum's acid 
compounds (108) exhibit restricted rotation about the C-N bond together 
with a corresponding increase in rotational freedom about the formal C(5)-
C(7) double bond. Such effects may be rationalised in terms of; 
'push-pull' type conjugation from the electron-donating and electron-
accepting substituents attached to the central C(5)-C(7) double bond, and 
steric interactions between the donating and accepting substituents 
which may cause twisting about C(5)=C(7). 
Consequently, 109 is perhaps a better representation of these molecules than 
108. Clearly, contributions from 109 will cause a related increase and 
decrease in the 'double bond character' of the C-N and C(5)=C(7) bonds 
respectively (see crystal structures), which serve to explain the observed 
restricted rotation about the C-N bond and the lower barrier to rotation 
about C(5)=C(7). Indeed it has been shown 113 ' 114 that the free energy of 
activation (AG*) to rotation about the formal C(5)-C(7) double bond is often 
less than that for the C-N bond. 
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These effects are manifest in the 1H and 13C NMR spectra where 
the restricted rotation about the C-N bond creates two distinct rotamers 
which subsequently give rise to two sets of signals for the nitrogen 
substituents (and occasionally also for the C-2 methyls). By carrying out 
Variable Temperature NMR (VTNMR) experiments to find the temperature 
at which such signals coalesce then it is possible to estimate iG 4 for rotation 
about the C-N bond. Furthermore rotation about the formal double bond 
C(5)=C(7) causes a collapse of the individual C-4 and C-5 carbonyl signals to 
give a single signal (often broad) in the 13C NMR spectrum. Once again 
\TTNMR experiments provide a measure of the free energy of activation for 
rotation about the C(5)=C(7) bond. 
As expected substituted 5-aminomethylene Meidrum's acid 
compounds also exhibit restricted rotation about the C-N bond. 
Consequently the 1H NMR spectra typically show broad or distinct sets of 
NMR signals for the nitrogen substituents. A comprehensive study of the 
C-N rotation in such compounds has not yet been carried out, however 
preliminary VTNMR studies were performed on 5-[1-(N-benzyl-N-
methylamino)-1-cyanolmethYlene Meidrum's acid (78). On a qualitative 
level it appears that in comparison to the monosubstituted compound 110, 
the 5-cyano derivative shows a lower barrier to rotation about the C-N bond, 
which inevitably implies a lower C-N bond order. Clearly this must be 
caused by effects from the nitrile substituent: for example one could 
envisage a reduction in C(5)-C(7) double bond character via -R nitrile effects 
which would reduce contributions from enaminone conjugation and hence 
from structures of the type 109. In addition it is clear that the cyano group 
also influences the relative proportions of the two rotamers such that the 
orientation with the methyl 'up' (cf. llOa) is much more favoured than the 
methyl 'down' (cf. liOb). Similar favouritism is also shown in the 
monosubstituted compound but certainly not to the same extent, and indeed 
liOb exists as quite a significant proportion of the mixture [llOa: 110b; 3: 1 
(estimated by 1H NMR integrals)]. 
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Therefore it would appear that such substituents have an 
important role to play in restricted C-N bond rotations. It is hoped that 
future studies will investigate and attempt to quantify these effects for a 
range of substituents. 
MR 
The 13C NMR spectra associated with the methylene Meidrum's 
acid subunit in the disubstituted systems 111 are presented in Table 8. 
In contrast to the chemical shifts for C-2 and the adjacent 
Meldrum's acid methyl carbons, which remain fairly constant throughout, 
C-5 and C-7 both show wide variations. Shielding is evidently greatest at 
C-5 when the substituents R 1 and R2 are powerful electron-donating groups 
e.g. amino or alkoxy moieties. With poorer electron-donating sulfur 
substituents the effect in less pronounced and hence combinations of thio 
and amino substituents (95,96) are deshielded with respect to the diamino 
derivatives (79,80,89-93). Similarly incorporation of electron-withdrawing 
substituents, particularly nitriles, have deshielding effects at C-5. In the 
special case of 76 where the nitrile is adjacent to a poor electron donating 
thiol moiety (SMe) this deshielding is considerable. 
These C- 5 effects may be rationalised in terms of steric 
interactions. In comparison to monosubstituted methylene Meidrum's acid 
derivatives, the disubstituted analogues experience a increased steric 
congestion between the carbonyls of the Meldrum's acid and the substituent 
groups, therefore there is a greater tendency for the molecules to twist about 
the C(5)=C(7) bond (also see crystal structures). This twisting process is 
clearly facilitated by push-pull type conjugation which reduces the double 
bond character and hence the energy which is required to overcome the it 
bonding. Whenever the molecule twists it disrupts the p orbital overlap of 
the double bond causing polarisation of the C(5)=C(7) bond which localises 
negative charge at the 5-position and positive charge at the 7-position Such a 
process is again facilitated by powerful electron-donating groups situated at 
the 7-position since they can stabilise the positive charge via resonance 
effects. Therefore the structure may be regarded as the dipolar state 112. 
m. 
TABLE 8 13C NMR PARAMETERS FOR DISUBSTITUTED 
5-METHYLENE MELDRUM'S ACID DE RIVATIVES 










77 CN NMe2 103.56 89.25 149.91 160.70* 26.72 
87 Cl NMe2 102.68 83.95 166.51 161.02 26.48 
94 OMe NMe2 102.84 70.01 174.83 162.45 26.36 
79 NMe2 NMe2 101.97 74.74 169.59 163.10 26.4883 
96 StBu NMe2 102.28 86.06 182.02 161.71 27.50*! 
26.26* 
95 SPh NMe2 102.22 80.38 185.94 161.54 29.24*! 
26.01* 
76 CN SMe 105.51 110.04 148.80 160.09 I 27.47 
157.38 
78 CN N(Me)CH2Ph 103.58 90.27 142.33 26.73 
90 NMe N(Me)CH2CO2Me 102.13 74.67 169.21 163.07 27.02/ 
26.09 
89 NMe2 N(CH2Ph)CH2CO2Et 102.01 75.67 169.06 163.09 27.15/ 
26.10 
91 NMe2 N(Me)Ph 102.19 76.08 167.98 163.09 26.79! 
26.53 
92 NMe2 N(Me)-p-OMe-Ph 102.17 75.76 168.06 163.14 26.87/ 
26.43 
93 NMe2 N(Me)-p-Cl-Ph 102.30 168.16 163.01 26.87/ 
26.56 
80 MeN-CH2-CH2-CH2-NMe 102.21 70.28 161.94 162.70 26.31 
103 thienyl thienyl 103.50 111.62 154.42 160.99 27.19 
107 benzothienyl benzothienyl 104.08 154.43 160.33 27.36 
* Denotes broad signal 
Hence with powerful, 'bulky', electron-donating agents e.g. 79,80,90 the 
formation of twisted states is stabilised (see crystal structures), and the 
shielding at C-5 increases. Later it will be shown that the amount of 







By analogy one would also expect such substituents to cause a 
high deshielding at C-7 however the situation is clearly complicated by 
additional substituent electronegative factors. 
It has been established that bond rotation about the central 
C(5)-C(7) double bond is particularly facile, hence the carbonyl carbons C-4 
and C-6 become equivalent with the result that the individual signals 
coalesce to a single peak [either broad (just post-coalescence) or sharp (well 
post-coalescence)]. With disubstituted derivatives the enhanced conjugation 
from a second amino or methoxy moiety makes this rotation even more 
facile and as a result the C-4 and C-6 resonances are found as a single sharp 
peak at room temperature. It is interesting that with the 5-cyanomethylene 
series (76-78) the nitrile appears to increase the energy barrier to rotation and 
as a result the room temperature spectra of 77 and 78 show a broad signal 
(with 78 the signal is so broad that it is not recorded). In the unique case of 
76, where the SMe group is also a poor electron conjugating moiety, the 
barrier is sufficiently high to cause non-equivalence at room temperature 
and the carbonyls are represented by two distinct signals. 
In a number of derivatives described in Table 8 e.g. 89-93,95,96 the 
Meldrum's acid methyl carbons are distinct. Again this is a consequence of 
the facile C(5)=C(7) bond rotation which creates different environments for 
each of the methyls by virtue of anisotropic or steric effects imposed by the 
methylene substituents. 
(v) 	X-RAY CRYSTAL STRUCTURES OF DISUBSTITUTED 
METHYLENE MELDRUM'S ACID DERIVATIVES 
The bond lengths, bond angles and torsion angles of the 
methylene Meldrum's acid derivatives 76,79,80,94,95 and 113117  are given in 
Tables 9-26 while the related crystal structures are illustrated along with 
their crystallographic numbering schemes in Figures 4-9. 
In comparison with other methylene Meidrum's acid 
derivatives116  the Meidrum's acid ring fragment of the molecule, in each of 
the examples, remains fairly constant. The methyl groups at C-2 adopt the 
expected pseudo-axial and pseudo-equatorial positions while the conjugated 
portion 0(1) through C(5) to 0(3), inclusive of the carbonyls, is virtually 
planar. The key differences in the structures shown in Figures 4-9 are found 
in respect to the geometry associated with the central 'double bond' 
C(5)=C(7). 
Many of the disubstituted methylene derivatives e.g. 79,80,94 and 
95 are examples of 'push-pull' type systems, and as such, the geometry is 
influenced by two main factors; (i) conjugation ('push-pull' effect) and (ii) 
steric strain in the planar state. Clearly push pull effects would be expected 
to cause shorter C(7)-C(X) (X = N, 0, S), C(4)-C(5), and C(5)-C(6) bonds with 
corresponding lengthening in the C(5)=C(7) C(4)=0(4) and C(6)=0(6) bonds 
M-. 
TABLE 9 
- 	C(2) 1.439: 	3: C(S) 	-  
C(S) 	-  L.36 (9) 
C(2) -C(21) 1.100(10) C(E) 	- 0(6) [.204 (S 
('(2) -C(22 1.499(10) ('(7) 	-('(71.) 1.442 3) 
C(2) - 	 0(3) 1.451) 	8) C(7) 	- S(s) 1.732 L- ) 
0 	) - 	 C(4) 1.344) 	3) C(71) 	- N0) 1.150. () 
C(4) - 	 0(4) 1.213) 	8) S(8) 	- C(8) 1.812 Li) 
C(4) - 	 C(5) 1.470( 	9) 
TABLE 10 
Angles(degrees) with standard deviations 
C(2) - 	0(1) - 	 C(6) 119.8( 5) C(4) - 	C(S) - 	 C(6) 119.0( 5) 
0(1) - 	 C(2) -C(21) 107.1( 5) C(4) - 	 C(5) - 	 C(7) 120.9( 5) 
0(1) - 	 C(2) -C(22) 110.7( 5) C(6) - 	 C(5) - 	 C(7) 119.8) 6) 
0(1) - 	C(2) - 	 0(3) 109.9( 5) 0(1) - 	 C(6) - 	 C(5) 116.4( 6) 
C(21) - 	 C(2) -C(22) 113.6) 6) 0(1) - 	 C(6) - 	 0(6) 119.9) 6) 
C(21) - 	 C(2) - 	 0(3) 105.4( 5) C(5) - 	 C(6) - 	 0(6) 123.6( 6) 
C(22) - 	 C(2) - 	 0(3) 109.9( 5) C(5) - 	 C(7) -C(71) 119.9) 6) 
C(2) - 	 0(3) - 	 C(4) 119.7( 5) C(5) - 	 C(7) - 	 S(8) 125.2) 5) 
0(3) - 	 C(4) - 	 0(4) 118.5( 6) C(71) - 	C(7) - 	 S(8) 114.9( 5) 
0(3) - 	 C(4) - 	 C(5) 116.6( 5) C(7) -C(71) - 	 N(7) 172.2) 7) 
0(4) - 	 C(4) - 	 C(S) 124.8( 6) C(7) - 	 S(8) - 	 C(S) 103.2( 3) 
TABLE 11 
Torsion angles(degrees) with standard deviations 
MA 
C(6) - 	 0(1) - 	 C(2) -C(21) 161.2) 6) 
C(6) - 	 0(1) - 	 C(2) -C(22) -74.4) 7) 
C(6) - 	 0(1) - 	 C(2) - 	 0(3) 47.2( 7) 
C(2) - 	 0(1) - 	 C(6) - 	 C(S) -20.9( 8) 
C(2) - 	 0(1) - 	 C(6) - 	 0(6) 162.7( 6) 
0(1) - 	 C(2) - 	 0(3) - 	 C(4) -46.1( 7) 
C(21) - 	 C(2) - 	 0(3) - 	 C(4) -161.2) 5) 
C(22) - 	C(2) - 	 0(3) - 	 C)4) 76.0) 7) 
C(2( - 	 0(3) - 	 C(4) - 	 0(4) -164.7) 5) 
C(2) - 	 0(3) - 	 C(4) - 	 C(S) 19.0) 8) 
0(3) - 	 C(4( - 	C(S) - 	 C(6) 9.8( 8) 
0(3) - 	 C(4) - 	C(S) - 	 C(7( -176.9) 6) 
0(4) - 	 C(4) - 	C(S) - 	 C(6) -166.3) 6) 
0)4) - 	C(4) - 	C(S) - CO) 7.0(10) 
C(4) - 	C(S) - 	 C(6) - 	 0(1) -9.0) 9) 
C(4) - 	C(S) - 	 C(6) - 	 0(6) 167.2 
C(7) - 	C(S) - 	 C(6) - 	 0(1) 177.61 61 
C(7) - 	C(S) - 	 C)6) - 	 0(6) -6.2 1C) 
C(4) - 	C(S) - 	 C(7) -C)71( 8.6) 9) 
C(4( - 	C(S) - 	 C(7) - 	 S(S) -172.2) 71) 
C(6( - 	C(S) - 	 C)7) -C)71( -178.1 6; 
C(6) - 	C(S) - 	 C)7) - 	 S(S) 1.0 9) 
C(S) - 	 C(7( -C(71) - 	 N(7) 165.4)48) 
S(S) -C(7) -C71) -N)7) -13.9(32) 
C(S) - 	 C(7) - 	 S(S) - 	 C(S) 177.1) 6) 
C(71( - 	 C(7) - 	 S(S) - 	 C)8( -3.7) 6) 
OJA 
Figure 5 o41±o 
Me2N NMe2 
91 
TABLE 12 3cd 	erct;(9) 




C(2) 	-C(2A) 1.514(3) 
-N(7) 1.3392(23) 
C(2) 	-C(2B) 1.516(3) C(7) 
	-N(8) L.3414(23) 
C(2) 	-0(3) 1.4318(24) N(T) 
 
0(3) 	-C(3) 1.3825(23) 
N(T) 	-C(72) 1.459(3) 
C(4) 	-0(3) 1.2108(24) N(S) 	
-C(81) 1.453(3) 
C(4) 	-C(S) 1.4268(25) 
N(S) 	-C(82) 1.458(3) 
C(S) 	-C(6) 1.4306(24) 
TABLE 13 	Angles(degrees) with standard deviations 
C(2) 	- 0(1) 	- 	C(6) 118.32(12) 
C(6) - 	C(S) - 	 C(7) 118.16(I5) 
0(1) 	- 	C(2) 	-C(2A) 110.11(15) 0(1) 
- 	 C(6) - 	 C(S) 116.30(14) 
0(1) 	- 	C(2) 	-C(2B) 107.04(15) 0(1) 
- 	 C(6) - 	 0(6) 116.41(15) 
0(1) 	- 	C(2) 	- 	0(3) 110.45(14) C(S) 
- 	 C(6) - 	 0(6) 127.22(17) 
C(2A) 	- C(2) 	-C(2B) 113.23(17) C(S) 
- 	 C(7) - 	 N(7) 120.91(16) 
C(2A) 	- 	C(2) 	- 	0(3) 110.24(16) C(S) 
- 	 C(7) - 	 N(8) 120.60(16) 
C(23) 	- C(2) 	- 	0(3) 105.65(16) N(7) 
- 	 C(7) - 	 N(8) 118.49(16) 
C(2) 	- 	0(3) 	- 	C(4) 117.34(15) C(7) 
- 	 N(7)  123.93(16) 
0(3) 	- C(4) 	- 	0(4) 116.67(17) C(7) 
- 	 N(7)  122.60(16) 
0(3) 	- C(4) 	- 	C(5) 115.78(15) C(71) 
- 	 N(7) -C(72) 113.23(16) 
0(4) 	- C(4) 	- 	C(S) 127.51(17) C(7) 
- 	 N(8)  123.01(16) 
C(4) 	- C(5) 	- 	C(6) 121.66(16) C(7) 
- 	 N(8)  122.26(15) 
C(4) 	- 	C(S) 	- 	C(7) 119.99(16) C(81) 
- 	 N(8) -C(82) 113.85(15) 
TABLE 14 	Torsion angles(degrees) with standard deviations 
C(6) 	- 0(1) 	- C(2) 	-C(2A) 	75.25(19) C(4) 
- C(S) - 	 C(6) - 	 0(6) 	-169.22(18) 
C(6) 	- 0(1) 	- C(2) 	-C(2B) -161.28(14) C(7) 
- 	C(S) - C(6) - 	 0(1) 	-177.20(14) 
C(6) 	- 0(1) 	- C(2) 	- 0(3) 	-46.73(19) C(7) 
- C(S) - 	 C(6) - 	 0(6) 5.8( 	3) 
- 	 N(7) 	46.15(25) 




- C(7) - 	 N(8) 	-133.9(18) 
C(2) 	- 0(1) 	- C(6) 	- 0(6) 	-163.86(15) C(4) 
C(6) - C(S) - C(7) - 	 N(7) 	-128.91(18) 0(1) 	- C(2) 	- 0(3) 	- C(4) 50.71(20) 
C(6) - C(5) - C(7) - 	 N(8) 51.01(24) 
C(2A) - C(2) 	- 0(3) 	- C(4) 	-71.20(21) 




C(2B) 	- C(2) 	- 0(3) 
C(2) 	- 0(3) 	- C(4) 	- 0(4) 	155.78(17) C(S) 
- C(7) - N(7) 25.8( 	3) 
C(2) 	- 0(3) 	- C(4) 	- C(5) 	-26.28(23) 








- C(7) - N(8) -C(81) 	-147.57(18) 
0(3) - C(4) 	- C(5) 	- C(7) 	-178.90(16) 
C(6) 	173.67(19) C(S) - C(7) 
- N(8) -C(82) 21.0( 	3) 
- 0(4) - C(4) 	- C(S) 
0(4) - C(4) 	- C(S) 	- C(7) -1.2( 	3) N(7) 
- C(7) - N(8) 32.4( 	3) 
C(4) - C(5) 	- C(6) 	- 0(1) 	7.81(24) N(7) 






Bond lengths (A) 
0(l)-C(2) 1.453 (5) 0(1)-C(6) 1.399 (5) 
C(2)-C(2A) 1.509 (7) C(2)-C(2B) 1.497 (7) 
C(2)-0(3) 1.431 (7) 0(3)-C(4) 1.382 (6) 
C(4)-0(4) 1.209 (7) C(4)-C(5) 1.426 (6) 
C(5)-C(6) 1.391 (8) C(5)-C(7) 1.474 (7) 
C(6)-0(6) 1.237 (5) C(7)-N(8) 1.328 (7) 
C(7)-N(12) 1.343 (5) N(8)-C(8) 1.472  
N(8)-C(9) 1.470 (7) C(9)-C(10) 1.514  
C(10)-C(11) 1.498 (7) C(11)-N(12) 1.470 (7) 
N(12)-C(12) 1.451 (7) 
TABLE 16 
Bond angles (°) 
C(2)-0(1)-C(6) 116.9(3) 0(l)-C(2)-C(2A) 110.4(4) 
0(l)-C(2)-C(2B) 105.5(4) C(2A)-C(2)-C(2B) 113.2(4) 
0(l)-C(2)-0(3) 110.4(3) C(2A)-C(2)-0(3) 109.8(4) 
C(2B)-C(2)-0(3) 107.4(4) C(2)-0(3)-C(4) 117.9(3) 
0(3)-C(4)-0(4) 116.8(4) 0(3)-C(4)-C(5) 116.3(5) 
0(4)-C(4)-C(5) 126.8(5) C(4)-C(5)-C(6) 122.5(4) 
C(4)-C(5)-C(7) 116.2(5) C(6)-C(5)-C(7) 120.5(4) 
0(1)-C(6)-C(5) 116.5(3) 0(1)-C(6)-0(6) 114.5(5) 
C(5)-C(6)-0(6) 128.9(4) C(5)-C(7)-N(8) 120.5(4) 
C(5)-C(7)-N(12) 119.1(5) N(8)-C(7)-N(12) 120.5(5) 
C(7)-N(8)-C(8) 122.4(4) C(7)-N(8)-C(9) 121.4(4) 
C(8)-N(8)-C(9) 116.1(4) N(8)-C(9)-C(10) 108.5(5) 
C(9)-C(10)-C(11) 108.1(4) C(10)-C(11)-N(12) 111. 1(4) 





C6 01 C2 C2A -73.7 
C6 01 C2 C2B 163.8 
C6 01 C2 03 47.9 
01 C2 03 C4 -47.4 
C2A C2 03 C4 74.6 
C2B C2 03 C4 -162.1 
C2 03 C4 04 -163.3 
TABLE 17 	C2 03 C4 C5 20.4 
03 C4 C5 C6 8.7 
03 C4 C5 C7 178.7 
04 C4 C5 C6 -167.1 
04 C4 C5 C7 2.8 
C2 01 C6 C5 -21.5 
C2 01 C6 06 160.1 
C4 C5 C6 01 -7.8 
C4 C5 C6 06 170.3 
C7 C5 C6 01 -177.4 
C7 C5 C6 06 0.8 
C4 C5 C7 N8 67.2 
C4 C5 C7 N12 -112.2 
C6 C5 C7 N8 -122.6 
C6 C5 Cl N12 58.0 
C5 C7 N8 C8 0.6 
C5 C7 N8 C9 -174.5 
N12 C7 N8 C8 180.0 
N12 C7 N8 C9 4.9 
C7 N8 C9 dO -36.8 
C8 N8 C9 dO 147.8 
N8 C9 ClO Cli 58.4 
C9 dO Cii N12 -51.3 
C5 C7 N12 Cii -176.7 
CS C7 N12 C12 7.6 
N8 C7 N12 Cii 3.9 
N8 Cl N12 C12 -171.8 
dO Cii N12 C7 21.0 






TABLE 18 	Bond lengths (A) 
0(1) - 	C(2) 1.436( 3) C(S) - 	C(6) 1.435( 	4) 
0(1) - 	C(6) 1.379(  C(S) - 	C(7) 1.443) 	31 
C(2) -C(2A) 1.507(  C(6) - 	0(6) 1.215k 
C(2) -C(2B) 1.514( 4) C(7) - 0(8) t.336 	3 
C ( 2 ) - 	0(3) 1.436( 3) C ( 7 ) -N(10) 1.314( 	3) 
0(3) - 	C(4) 1.375( 3) 0(8) - 	C(9) 1.441( 	3) 
C(4) - 	0(4) 1.221( 3) N(10) -C(11) 1.479( 	3) 
C(4) - 	C(5) 1.431( 4) N(10) -C(12) 1.47 1-( 	3) 
TABLE 19 	Bond angles (degrees) 
C(2) - 	0(1) - 	C(6) 117.71(19) C(4) - 	C(S) - 	 C ( 7 ) 117.55(21) 
0(1) - 	C(2) -C(2A) 111.32(20) C(6) - 	C(S) - 	C(7) 120.53(22) 
O(1)-C(2) -C(2B) 106.43(20) 0(1) -C(6) -C(S) 115.41(21) 
0(1) - 	C(2) - 0(3) 109.71(19) 0(1) - 	C(6) - 	0(6) 117.35(23) 
C(2A) -C(2) -C(2B) 112.04(21) C(5) -C(6) -0(6) 127.22(24) 
C(2A) - 	C(2) - 0(3) 110.66(20) C(5) - 	C(7) - 	0(8) 122.31(21) 
C(2B) - 	C(2) - 	0(3) 106.49(20) C(5) - 	C(7) -N(10) 124.70(22) 
C(2) 	- 0(3) - 	C(4) 117.87(19) 0(8) - 	C(7) -N(10) 112.99(21) 
0(3) 	- C(4) - 0(4) 116.93(22) C(7) - 	0(8) - 	C(9) 120.78(19) 
O(3)-C(4) - 	C(S) 116.18(21) C(7) -N(10)  121.37(21) 
0(4) 	- C(4) -C(S) 126.70(23) C(7) -N(10)  122.85(21) 
C(4) 	- C(S) -C(6) 121.71(22) C(11) -N(10) -C(12) 115.42(20) 
TABLE 20 	Torsion angles (degrees) 
C(6) - 0(1) - C(2) -C(2A) -71.6( 	3) C(4) - C(5) - C(6) - 0(1) -5.2( 	3) 
C(6) - 0(1) - C(2) -C(2B) 166.01(21) C(4) - C(5) - C(6) - 0(6) 173.1( 	3) 
C(6) - 0(1) - C(2) - 0(3) 51.2( 	3) C(7) - 	C(S) - 	C(6) - 	0(1) 178.60(21) 
C(2) - 0(1) - C(6) - C(5) -25.0( 	3) C(7) - 	C(S) - 	C(6) - 0(6) -3.1( 	4) 
C(2) - 0(1) - C(6) - 0(6) 156.55(22) C(4) - 	C(S) - C(7) - 0(8) 48.4( 	3) 
0(1) - C(2) - 0(3) - C(4) -49.4( 	3) C(4) - 	C(S) - C(7) -N(10) -131.5( 	3) 
C(2A) - C(2) - 0(3) - C(4) 73.8( 	3) C(6) - 	C(5) - 	C(7) - 	0(8) -135.19(25) 
C(2B) - C(2) - 0(3) - C(4) -164.16(20) C(6) - 	C(S) - 	C(7) -N(10) 44.9( 	4) 
C(2) - 0(3) - C(4) - 0(4) -162.67(21) C(5) - 	C(7) - 0(8) - 	C(9) 21.3( 	3) 
C(2) - 0(3) - C(4) - C(S) 21.8( 	3) N(10) - 	C(7) - 	0(8) - 	C(9) -158.84(21) 
0(3) - C(4) - C(5) - C(6) 6.8( 	3) C(S) - 	C(7) -(10) -C(11) -169.48(23) 
0(3) - C(4) - C(5) - C(7) -176.88(21) C(5) - 	C(7) -N(10) -C(12) 17.7( 	4) 
0(4) - C(4) - C(5) - C(6) -168.24(25) 0(8) - 	C(7) -N(10)  10.6) 	3) 





TABLE 21 	Bond lengths (A) 
0(1) - C(2) 1.436( 4) C(7) - 	 S 1.747( 3) 
0(1) - C(6) 1.371( 4) C(7) - 	 N 1.320( 4) 
C(2) -C(2A) 1.493( 5) S -C(1P) 1.789( 1) 
C(2) -C(2B) 1.507( 5) C(1P) -C(2P) 1.368( 5) 
C(2) - 0(3) 1.430( 4) C(1P) -C(6P) 1.388( 5) 
0(3) - C(4) 1.377( 4) C(2P) -C(3P) 1.376( 5) 
C(4) - 0(4) 1.211(  C(3P) -C(4P) 1.374( 5) 
C(4) - C(S) 1.440(  C(4P) -C(5P) 1.361( 5) 
C(S) - C(6) 1.430( 5) C(5P) -C(6P) 1.382( 5) 
C(S) - C(7) 1.426( 5) N -C(1N) 1.455( 5) 
C(6) - 0(6) 1.222( 4) N -C(2N) 1.468( 5) 
TABLE 22 	Bond angles (degrees) 
C(2) - 0(1) - C(6) 118.26(25) C(S) - C(6) - 0(6) 126.8( 3) 
0(1) - 	 C(2) -C(2A) 111.0( 3) C(5) - C(7) - 	 S 122.28(24) 
0(1) - C(2) -C(2B) 106.0( 3) C(5) - C(7) - 	 N 123.1( 3) 
0(1) - 	 C(2) - 0(3) 110.0( 3) S - C(7) - 	 N 114.58(24) 
C(2A) - C(2) -C(2B) 113.5( 3) C(7) - 	 S -C(1P) 103.41(16) 
C(2P) - C(2) - 0(3) 110.0( 3) S -C(1P) -C(2P) 119.6( 3) 
C(2B) - 	 C(2) - 0(3) 106.1( 3) S -C(1P) -C(6P) 119.9( 3) 
C(2) - 0(3) - C(4) 118.14(25) C(2P) -C(1P) -C(6P) 120.0( 3) 
0(3) - 	 C(4) - 0(4) 116.6( 3) C(1P) -C(2P) -C(3P) 120.0(  
0(3) - 	 C(4) - C(5) 116.2( 3) C(2P) -C(3P) -C(4P) 120.0(  
0(4) - C(4) - C(5) 127.0( 3) C(3P) -C(4P) -C(5P) 120.4( 4) 
C(4) - 	 C(S) - C(6) 120.8( 3) C(4P) -C(5P) -C(6P) 120.2( 4) 
C(4) - C(S) - C(7) 119.7( 3) C(1P) -C(6P) -C(SP) 119.3( 4) 
C(6) - C(5) - C(7) 119.5( 3) C(7) - 	 N -C(1N) 121.6( 3) 
0(1) - 	 C(6) - C(S) 116.8( 3) C(7) - 	 N -C(2N) 124.1( 3) 
0(1) - 	 C(6) - 0(6) 116.4( 3) C(1N) - 	 N -C(2N) 114.1( 3) 
TABLE 23 	Torsion angles (degrees) 
C ( 6 ) - 0(1) - 	 C ( 2 ) -C(2A) -73.8( 4) C(4) - C(S) - C(7) - 	 N -134.7( 3) 
C ( 6 ) - 0(1) - C ( 2 ) -C(2B) 162.5( 3) C(6) - C( 5) - C(7) - 	 S -]35.7( 3) 
C ( 6 ) - 0(1) - C ( 2 ) - 0(3) 48.2( 4) C(6) - C(S) - C(7) - 	 N 45.5( 5) 
C ( 2 ) - 0(1) - C(6) - C(5) -22.7( 4) C(S) - C(7) - 	 S -C(LP) 33.2( 3) 
C ( 2 ) - 0(1) - C(6) - 0(6) 158.1( 3) N - C(7) - 	 S -C(LP) -147.9( 3) 
0(1) - 	 C(2) - 0(3) - C(4) -49.3( 4) C(S) - C(7) - 	 N -C(IN) 21.9( 5) 
C(2A) - C(2) - 0(3) - C(4) 73.3( 4) C(S) - C(7) - 	 N -C(2N) -163.4( 3) 
C(2B) - C(2) - 0(3) - C(4) -163.5( 3) S - C(7) - 	 N -C(IN) -157.0( 3) 
C(2) - 0(3) - C(4) - 0(4) -160.0( 3) S - C(7) - 	 N -C(2N) 17.7( 4) 
C ( 2 ) - 0(3) - C(4) - C(5) 24.7( 4) C(7) - 	 S -C(LP) -C(2P) -115.5( 3) 
0(3) - C(4) - C(5) - C(6) 3.4( 5) C(7) - 	 S -C(1P) -C(6P) 72.0( 3) 
0(3) - C(4) - C(S) - C(7) -176.3( 3) S -C(IP) -C(2P) -C(3P) -172.7( 3) 
0(4) - C(4) - C(S) - C(6) -171.3( 3) C(6P) -C(1P) -C(2P) -C(3P) -0.2( 5) 
0(4) - C(4) - C(S) - C(7) 9.0( 5) S -C(1P) -C(6P) -C(SP) 173.6( 3) 
C(4) - C(S) - C(6) - 0(1) -4.4( 4) C(2P) -C(LP) -C(6P) -C(SP) 1.1( 6) 
C(4) C(S) - C(6) - 0(6) 174.8( 3) C(1P) -C(2P) -C(3P) -C(4P) -0.3( 6) 
C(7) - C(S) - C(6) - 0(1) 175.4( 3) C(2P) -C(3P) -C(4P) -C(5P) -0.1( 6) 
C(7) - C(5) - C(6) - 0(6) -S.S(  C(3P) -C(4P) -C(5P) -C(6P) 1.1(  














Bond lengths (A) 
0(1)-C(2) 1.447 (7) 0(1)-C(6) 1.345 (8) 
C(2)-C(2A) 1.478 (7) C(2)-C(2B) 1.500 (10) 
C(2)-0(3) 1.444 (6) 0(3)-C(4) 1.357 (7) 
C(4)-0(4) 1.211 (7) C(4)-C(5) 1.451 (8) 
C(5)-C(6) 1.467 (7) C(5)-C(7) 1.356 (8) 
C(6)-0(6) 1.203 (8) C(7)-s 1.682 (5) 
S-C(1P) 1.779 (7) C(1P)-C(2P) 1.394 (9) 
C(1P)-C(6P) 1.378 (8) C(2P)-C(3P) 1.366 (10) 
C(3P)-C(4P) 1.370  C(4P)-C(5P) 1.368  
C(5P)-C(6P) 1.391 (10) 
TABLE 25 
Bond angles (°) 
C(2)-0(1)-C(6) 119.1(4) 0(1)-C(2)-C(2A) 110.6(5) 
0(1)-C(2)-C(2B) 105.0(4) C(2A)-C(2)-C(2B) 115.0(5) 
0(l)-C(2)-0(3) 109.2(4) C(2A)-C(2)-0(3) 110.8(4) 
C(2B)-C(2)-0(3) 105.8(5) C(2)-0(3)-C(4) 117.7(5) 
0(3)-C(4)-0(4) 118.8(5) 0(3)-C(4)-C(5) 116.5(5) 
0(4)-C(4)-C(5) 124.6(6) C(4)-C(5)-C(6) 120.1(5) 
C(4)-C(5)-C(7) 121.4(5) C(6)-C(5)-C(7) 118.2(5) 
0(1)-C(6)-C(5) 115.9(5) 0(1)-C(6)-0(6) 119.2(5) 
C(5)-C(6)-0(6) 124.9(6) C(5)-C(7)-S 128.4(5) 
C(7)-S-C(1P) 100.5(3) S-C(1P)-C(2P) 122.1(4) 
S-C(1P)-C(6P) 118.1(5) C(2P)-C(1P)-C(6P) 119.8(6) 
C(1P)-C(2P)-C(3P) 119.6(6) C(2P)-C(3P)-C(4P) 120.6(6) 





C6 01 C2 C2A -72.5 
C6 01 C2 C2B 162.9 
C6 01 C2 03 49.8 
01 C2 03 C4 -51.0 
C2A C2 03 C4 71.1 
C2B C2 03 C4 -163.5 
C2 03 C4 04 -157.5 
TABLE26 	 C2 03 C4 C5 25.1 
03 C4 C5 C6 5.1 
03 C4 C5 C7 177.9 
04 C4 C5 C6 -172.1 
04 C4 CS C7 0.7 
C2 01 C6 C5 -22.0 
C2 01 C6 06 162.0 
C4 C5 C6 01 -6.8 
C4 CS C6 06 169.0 
C7 C5 C6 01 -179.8 
C7 CS C6 06 -4.1 
C4 CS C7 S 4.4 
C6 C5 C7 S 177.3 
CS C7 S C1P -178.6 
C7 S C1P C2P -53.0 
C7 S C1P C6P 129.3 
S C1P C2P C3P 178.7 
C6P C1P C2P C3P -3.6 
C1P C2P C3P C4P 2.6 
C2P C3P C4P C5P -0.7 
C3P C4P C5P C6P -0.1 
S C1P C6P C5P -179.5 
C2P C1P C6P C5P 2.7 
C4P C5P C6P C1P -0.9 
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respectively. Furthermore steric congestion caused by interactions between 
the electron-acceptor (carbonyl) and electron-donating groups forces the 
molecule to twist (often dramatically) about the formal double bond. As it 
was shown earlier this twisting process is facilitated by electron-donating 
moieties (e.g.amino substituents) such that the structure is best represented 
by 114. Once again twisting within the molecule also leads to bond 
deviations which are consistent with those of the push-pull effects. 	In 
summary the combined effect of push-pull type conjugation and steric strain 
usually produces structures with remarkably long C(5)-C(7) bonds which 
also show a high degree of twisting. Clearly both these properties are not 






A summary of the bond lengths and torsion angles associated 
with the central double bond in each of the examples (Figures 4-9) are given 
in Table 27. 
Clearly the 5-aminomethylene derivatives 79,80,94 and 95 exhibit 
significantly longer bonds than would be expected for normal C-052 
formal double bonds (1.34 A)119, and indeed the length of such bonds 
approach those of Csp2-Csl,2 single bond distances(1.48 4120 Notably in the 
sulfur analogues (76,113) the effect is dramatically reduced such that the 
TABLE 27 
STRUCTURAL PARAMETERS FOR DISUBSTITUTED 
METHYLENE MELDRUM'S ACID COMPOUNDS 
03 2  10 
4 6, 
R1 	R2 	Twist* 	CX** 	C(5)-C(7) C(4)-C(5) C(5)-C(6) C(4)-0(4) C(6)-0(6) 
0 
79 NMe2 	NMe2 48.6 
80 CH3N(CH2)3NCH3 62.8 
94 OMe 	NMe2 46.65 
95 SPh 	NMe2 44.8 
76 CN 	SMe 4.83 
113 SPh H 3.55 
1.3392(23) 1.4412(25) 1.4268(25) 1.4306(24) 1.2108(24) 1.21134(22) 
1.3414(23) 
1.328(7) 1.474(7) 1.426(6) 1.391(8) 1.209(7) 1.237(5) 
1.343(5) 
1.336(3) (0) 1.443(3) 1.431(4) 1.435(4) 1.221(3) 1.215(3) 
1.314(3) (N) 
1.747(3) (S) 1.426(5) 1.440(5) 1.430(5) 1.211(4) 1.222(4) 
1.320(4) (N) 
1.732(7) 1.369(9) 1.470(9) 1.476(9) 1.213(8) 1.204(8) 
1.682(5) 1.356(8) 1.451(8) 1.467(7) 1.211(7) 1.203(8) 
*Twist is defined as the average torsion angle between the substituents of the olefin 	 = N,S,O indicated as appropriate 
104 
bond length is close to normal ethylene values. This is in agreement with 
other 5-thiomethylene Meidrum's acid derivatives 16 '116  which also show little 
bond deviation. In addition the average dihedral angle about the C(5)=C(7) 
bond is close to zero which again is more indicative of ethylene bonds. 
Therefore it may be concluded that in sharp contrast to the 
5-aminomethylene examples the central formal double bond does indeed 
exhibit characteristics which are associated to normal double bond 
behaviour. 
As predicted by steric and electronic considerations the C(4)-C(5) 
and C(5)-C(6) single bonds are significantly shorter in the 5-aminomethylene 
compounds (79,80,94,95) than in the parent Meidrum's acid [C(4)-C(5): 
1.490(5) A; C(5)-C(6): 1.498(5) A] 121 . By similar reasoning one would also 
expect the carbonyls C(4)-0(4) and C(6)-0(6) to be longer than in Meldrum's 
acid [C(4)-0(4): 1.187(4) A, C(6)-0(6): 1.199(4) A]121. Although significant in 
a few cases (79,94,95) these effects are typically small and it would appear 
that the carbonyls are rather insensitive to substituent change. 
Furthermore resonance effects of the heteroatom X would be 
expected to decrease the bond length of the C-X bond from literature C-X 
values (X = N, 1.355 A; 0, 1.354 A; S, 1.751 A)122. Clearly this is the case with 
each of the hetero-substituents however significance is restricted to only the 
nitrogen and oxygen examples. 
From Table 27 it is obvious that an increase in the twist is 
accompanied by an increase in the length of the C(5)=C(7) bond. The 
relationship between both these features is explored in Graph 1 and 
surprisingly it was shown to be linear (correlation coefficient (r) = 0.97). 
Indeed other disubstituted [R 1 = SMe, R2 = SMe (37); twist: 24.9°, C(5)=C(7): 












Relationship Between Twist and C(5)C(7) Bond Length 







Bond Length / Angstroms 
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twist: 25.3 °, C(5)=C(7): 1.387(4) A115  and R1 = H, R2 = SMe; twist: 2.47°, 
C(5)=C(7): 1.356(4) A118] are also represented in Graph 1 and appear to fit the 
same plot. Therefore it seems that the bond length within these molecules is 
directly dependent on the torsion angle, and hence the greater the twist the 
longer the bond. Clearly by incorporating bulky hetero-substituents 
(particularly nitrogen) into a molecule then it should be possible to 'tailor' 
the molecule for long C(5)=C(7) bond lengths. However it should be noted 
that for molecules in which the geometry about the central double bond is 
dictated by hydrogen bonding interactions e.g. 115, then a significant 
lengthening in the C(5)=C(7) bond [1.409 (15) A] need not be accompanied 
by a large dihedral angle about the same bond (2.15°).118  In the case of 115 
the deviation in the bond length is caused by electronic effects of the type 
shown in Scheme 42. 






Interestingly a similar correlation between the twist angle and 
bond length was previously investigated for a series of 1,1-diamino-2,2-
dinitroethylene push-pull systems. 123 However it was found that in a graph 
analogous to Graph 1 the points were poorly spread and that a linear 
relationship as described for the Meldrum's acid derivatives could not be 
drawn. 
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Although the highest twist angle reported in Table 8 is 62.8° it 
may be possible to increase this angle to values approaching 90 0 .  Indeed one 
structure which may achieve this is described below (116). Compounds of 
this type are directly related to 117 which realised a twist of 80.8° with a 
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Finally, another feature of interest is the C(7)-C(71)-N(7) bond 
angle associated with 5-(1-cyano-1-methylthio)methylene Meldrum's acid 
(76) [172.2°(7)] which shows significant deviation from the expected 180°. 
This may possibly be explained by interaction of the oxygen [0(4) 
(Meidrum's acid carbonyl)] lone pair with the electron deficient carbon site 
of the nitrile, corresponding to an early transition state of the nucleophilic 
addition reaction pathway.125 
in 
THE PYROLYSIS OF 5-METHYLENE MELDRUM'S 
ACID DERIVATIVES: THE PREPARATION OF 
5-SUBSTITUTED 3-HYDROXYPYRROLES AND 
3-HYDROXYTHIOPHENES 
The preparation of 3-hydroxypyrroles by flash vacuum pyrolysis 
(FVP) of dialkylaminomethylefle Meidrum's acid derivatives is now well 
known.16,116,126433 Since the initial report in 1983 126 a number of N-alkyl or 
N-aryl C-unsubstituted, 12730 2-substituted,16"30 5-substituted, 16'83'131"33 
2,2-disubstituted 126' 6'12730  and 2,5-disubstituted' 6'133  derivatives have been 
prepared. More recently the emphasis has been on extending this process to 
include products with electron-withdrawing or electron-donating 
substituents. 16'83  The mechanism of the pyrolysis has been studied" 6'128'129'132 
and it is now well established that the initial stages involve the stepwise 
elimination of acetone and carbon dioxide to give the stable malonic 
anhydride 118 and isolable methyleneketene (119) derivatives (Scheme 43). 
Subsequent steps involve hydrogen-transfer and cyclisation to give the 
appropriate 1H-pyrrol-3(2H)-one which may then tautomerise to the 
3-hydroxypyrrole. Some speculation still arises regarding the nature of this 
key hydrogen transfer step although it has been shown by deuterium-
labelling experiments that the transfer is specific, intramolecular and 
probably rate determining. 128  Furthermore the pyrolysis of chiral 
aminomethylene substrates has established that the hydrogen-transfer and 
cyclisation processes are not concerted but instead involve an intermediate 
(120) with sufficient lifetime to allow full or partial racemisation. 129'116 It has 
also been suggested that this intermediate is more likely to be of a dipolar 
rather than a diradical structure, inferring a 1,4-hydrogen shift via a 6-
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Scheme 43 
Unfortunately there are limitations to the pyrolysis; firstly when 
R' = H alternative processes occur 1 '1 '135  which do not lead to 
3-hydroxypyrroles or 1H-pyrrol-3(2H)-ones therefore the synthesis of 
N-unsubstituted derivatives is not directly feasible by this strategy, and 
secondly when R' is an alkyl group containing a CH in a position a to the 
nitrogen atom then two possible sites of ring closure are possible. 130 In the 
latter case there is often a complicated mixture of products since little 
selectivity is shown between hydrogen-transfer and subsequent ring closure 
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from primary, secondary or tertiary sites. However in marked contrast it has 
been shown130 that hydrogen-transfer from benzylic sites takes place with 
complete specificity to give 2-phenyl derivatives. Presumably the phenyl 
group provides stabilisation at some stage in the hydrogen-transfer-
cycisation sequence. In summary the best results are obtained when 
precursors derived from symmetrical amines are used or when one of the 
amino substituents contains no a-hydrogen atoms. 
Recently the pyrolysis of 5-methylene Meidrum's acid derivatives 
has been extended to include the flexible and efficient preparation of 
C-unsubstituted, 67 2-substituted,67 5-substituted 6567 or 2,2-disubstituted 67 
thiophen-3(2H)-oneS (or 3-hydroxythiophenes). The mechanism of 
formation is believed to proceed as before with fragmentation of the 
appropriate precursor (121) to generate a methyleneketene intermediate 
(122) which undergoes sequential hydrogen-transfer and cyclisation steps to 
give the thiophenone (or hydroxythiophene) (Scheme 44). In contrast to the 
pyrolysis of 5-aminomethylene derivatives no competition processes are 
possible and the preparation of thiophen-3(2L)-ones is only limited by the 
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Scheme 44 
(1) 	THE PREPARATION OF NEW 5-SUBSTITUTED 
3-HYDROXYPYRROLES AND 3-HYDROXYTHIOPHENES. 
The preparation of 5-substituted derivatives from pyrolytic 
methodo1ogy16 '657'"14  stemmed from the literature preparation 106 and 
manipulation107  of (bismethylthio)methylene Meidrum's acid. This 
derivative has proved extremely versatile, reacting with Grignard reagents 
and\or amines to give precursors which are readily converted to the 
appropriate 5-substituted 3-hydroxypyrrole or 3-hydroxythiophene (see 
Section A). A variety of 5-substituted compounds have been prepared by 
this method, including derivatives with electron-donating moieties in the 5-
position,83 ' 67 e.g. 123,124 however until recently it was not possible to 
functionalise the 5-position with electron-withdrawing groups. The 
development of 5-cyanomethylene Meldrum's acid derivatives (Section A) 
now enables an extension of the pyrolytic pathway to include novel 
preparations of such compounds. This is particularly significant since few 
literature preparations of 3-hydroxypyrroles or 3-hydroxythiophenes with 
112 










FVP of 	 Meidrum's 
acid (77) under standard Meldrum's acid pyrolysis conditions gave the 5-
cyano compound (125) as a red gum, in neai1ijquantitative yields (95%). The 
pyrolysis was particularly clean showing little decomposition in the inlet or 
the product trap regardless of the scale of the reaction. The product was 
found to be very stable and could be stored at -20°C indefinitely however 
because of the difficulties in handling 'gums' the product was dissolved in 











In sharp contrast the pyrolysis of 5-(1-cyano-1-N-methyl-N- 
benzylamino)methylefle Meldrum's acid (78) showed a large degree of 
decomposition in the inlet and a mixture of decomposition and the expected 
derivative (126) in the product trap. 
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Fortunately the hydroxypyrrole was found at the exit point of the furnace 
while the more volatile decomposition products were trapped in the 
'U-bend'. By washing each component out separately with [2H] chloroform 
the products were easily separated and analysed by 1H NMR spectroscopy. 
It was clear that the 2-phenyl derivative (126) was the sole 3-hydroxypyrrole 
formed, 	that the hydrogen-transfer-cyclisation process had occured 
regiospecifically at the benzylic site (Scheme 45). 	In light of the 
decomposition problems associated with this particular pyrolysis and since 
the most reactive 2-position in the product was blocked by a phenyl group, it 
was decided to concentrate further preparative and reactivity studies on the 














Pyrolysis of the corresponding 5-(1-cyano-1-methylthio)methylene 
Meidrum's acid (76) proceeds cleanly to give 5-cyano-3-hydroxythiophene 
(127) in excellent yield (95%). The product was isolated as a highly 
crystalline material which recrystallised from acetone at -20°C to give 
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crystals of sufficient quality to enable X-ray structure determination. The 
structure which was obtained is illustrated in Figure 10 and clearly shows 
that the 5-cyano derivative adopts the enol configuration in the solid state. 
Bond lengths, bond angles, and torsion angles associated with the structure 
are given in Tables 28-30. 
Crystal structures of 3-hydroxythiophenes and thiophen-3(21-1)-
ones are virtually unknown, indeed the only 3-hydroxythiophene which has 
ever been reported is that of 2-acetyl-3-hydroxythiophene. 136 Examples of 
2,2-disubstituted and 5-substituted thiophen-3(2H)-ones have recently been 
described by G. A. Hunter. 16  A summary of the heterocyclic bond lengths of 
some of these systems together with those from the 5-cyano derivative are 
illustrated in Figures 11-13. Also shown for comparison are those from the 
parent thiophene (Figure 14), however it should be noted that the X-ray 
determination of thiophene has never been achieved and the structure which 










Bond lengths (A) 
S(1) - C(2) 1.7071(15) 
0(3) 
C(4) 
- 	 11(3) 








0.912(24) C(4) - C(5) 1.3666(20) 
C(2) -C(3) 1.3603(20) 
C(S) - C(6) 1.4164(21) 
C(3) - 0(3) 1.3654(18) 
C(6) - N(7) 1.1498(21) 
C(3) -C(4) 1.4079(20) 
TABLE 29 
Bond angles (degrees) 
117 
C(2) - 	S(1) - C(5) 91.17(7) 
S(1) - C(2) - 	 11(2) 121.6(15) 
S(1) - C(2) - C(3) 111.73(11) 
11(2) - C(2) - C(3) 126.7(15) 
C(2) - C(3) - 0(3) 126.64(13) 
 - C(3) - C(4) 113.53(13) 
0(3) - C(3) - C(4) 119.84(13) 
 - 0(3) - H(3) 105.9(17) 
C(3) - C(4) - 	 11(4) 122.4(12) 
 - C(4) - C(5) 111.40(13) 
11(4) - C(4) - C(S) 126.2(12) 
S(1) - C(S) - C(4) 112.18(11) 
S(1) - C(5) - C(6) 120.62(11) 
 - C(S) - C(6) 127.19(13) 
 - C(6) - N(7) 179.42(17) 
TABLE 30 
Torsion angles (degrees) 
C(5) - SO) 
C(5) - S(1) 
C(2) - SO) 
C(2) - S(1) 
S(1) - C(2) 
S(1) - C(2) 
14(2) - C(2) 
14(2) - C(2) 



















C(4) - C(3) - 0(3) - 14(3) -177.8(18) 
C(2) - C(3) - C(4) - 14(4) 180.0(14) 
- C(3) - C(4) - C(5) 	0.62(19) 
0(3) - C(3) - C(4) - 14(4) -0.5(14) 
0(3) - C(3) - C(4) - C(5) -179.85(13) 
- C(4) - C(5) - S(1) 	-0.50(16) 
C(3) - C(4) - C(S) - C(6) -179.49(14) 
H(4) - C(4) - C(5) - S(I) -179.8(15) 













1.351(11 	 1.381(8) 















The structure of 5-cyano-3-hydroxythiophene is virtually planar 
implying conjugation of the it aromatic ring system with the p-orbitals on the 
oxygen and the p-orbitals from the nitrile triple bond (this conjugation has 
subsequent effects on the bond lengths and will be discussed later). 
Furthermore each molecule is linked to one another via hydrogen bonding 
between the hydroxyl proton and a neighbouring nitrile moiety. The 
dimensions and nature of the hydrogen bonding is shown in Figure 15 while 
the overall effect is given in Figure 16. 
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A comparison of the bond lengths which are summarised in 
Figures 11-14 is also of interest. Clearly the C(3)-C(4) bond of 5-cyano-3-
hydroxythiophene is significantly shorter than that of the parent thiophene. 
This is obviously a reflection of the powerful electron-withdrawing effects of 
the nitrile (Scheme 46) although by a similar argument one would also have 
expected considerable lengthening in the C(4)-C(5) bond. In a similar way 
delocalisation of the oxygen lone pair would be expected to result in a 
lengthening of the C(2)-C(3) bond (Scheme 47) however once again there is 
little deviation from the parent compound. Therefore it would appear that 
C(2)-C(3) and C(4)-C(5) are relatively unaffected by substituents. Clearly 
this is not the case, since in the 2-acetyl derivative delocalisation of the 
hydroxyl lone pair with the acetyl group causes a significant lengthening in 
the C(4)-C(5) bond. 
+ 
OH 	 OH 
	
OH 	 OH 




One must use caution in comparison of the 5-cyano-3-hydroxy 
derivative with that of the thiophenone (Figure 13) since they are essentially 
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different systems with the former behaving as an aromatic heterocycle and 
the latter as a cyclic enone. However it is evident that in the 
hydroxythiophene C(3)-C(4) bond is significantly shorter while the 
C(4)-C(5) bond is significantly longer. In the absence of 5-substituents this 
would be a surprising result since enone conjugation would be expected to 
shorten the C(3)-C(4) and lengthen the C(4)-C(5) bonds with respect to the 
hydroxyheterocycle, however it is clear that the nitrile is playing a dominant 
role by virtue of its powerful -R effects. 
In recent work 83  by H. McNab and A. D. Macpherson it has been 
shown that the pyrolysis of diaminomethylene Meldrum's acid derivatives 
(e.g. 79) yields highly 'electron-rich' 5-amino substituted 1H-pyrrol-3(2H)-











This range of 5-substituted pyrrolones was previously exclusive to 
amino moieties however it has now become possible to extend this series to 
include 5-arylthio substitutents. At furnace temperatures of 600°C the 
pyrolysis of 5(l-NN-dimethylamino-1-PheflY1thi0)methY1ene Meidrum's 
acid (95) proceeded with little inlet decomposition to give the expected 1-
methyl-5-phenylthio-1H-pyrrol-3(2H)-Ofle (128) as a 'sticky' red gum (85%). 
Further purification of the crude gum was not possible by standard 
procedures due to the sensitivity of the system. In attempts to improve the 
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quality and yield of the pyrolysis extensive studies were carried out at 
varying furnace temperatures. Surprisingly it was found that at 
temperatures lower than 600°C the product mixture became very complex. 
At 550°C there was only a small degree of formation of the pyrrolone and by 
500°C no trace of the compound was found at all. Interestingly at each 
furnace temperature no starting material was ever observed. Separation of 
the pyrolysate at 500°C was attempted by dry flash chromatography but the 
mixture proved too complicated to identify. 
A feature of the higher pyrolysates (575°C - 650°C) which yield 
the pyrrolone was the frequent contamination from diphenyl disulfide. 
Evidently under such conditions the contaminant must be formed by a 
fragmentation process involving either the pyrolysis intermediate or the 
pyrrolone itself. Unfortunately the problem cannot be solved by lowering 
the furnace temperature since this leads to greater complications nor can the 
disulfide be removed by purification techniques due to the inherent 
sensitivity of the pyrrolone. Hence it was accepted that the product would 
be contaminated by the disulfide and subsequent reactions were carried out 
on the crude mixture. Fortunately many of the reactions lead to stable 
compounds and separation from the disulfide was ultimately achieved by 
chromatography. 
The preparation of other examples of 5-substituted pyrrolones 
with electron-donating sulfur substituents in the 5-position is limited by the 
availability of the starting materials but also the restrictions imposed by the 
pyrolysis process. For example, even though 5-(1-N,N-dimethylamino-1-
methylthio)methylene Meidrum's acid (129) is readily prepared by treatment 
of the (bismethylthio)methylefle derivative (37) with dimethylamine, 16 the 
subsequent pyrolysis gives a mixture of products (Scheme 48). Once again 
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this is a consequence of competitive processes involving the a-hydrogen 









By contrast the pyrolysis of 96 would be expected to give only one 
product (130), however the preparation of such a precursor proved 
extremely difficult. Indeed the Meidrum's acid derivative was only isolated 
once, in a poor 11% yield. For this reason the pyrolysis to give the pyrrolone 
was not pursued. 
0 ~O 





Pyrolysis of the diaminomethylene Meldrum's acid derivative 80 
was expected to give the highly 'electron-rich' pyrrolone 131 and indeed the 
process proceeded very cleanly, with little decomposition, to yield a single 
product. The 'H NMR spectrum of the product was consistent with a 
123 
pyrrolone-type structure possessing singlets at 8 H 4.45and oH 3.65 which 
corresponded well with the 4-H and 2-H signals of the 5-dimethylamino 
derivative (131) 18H 4,62 and 0H 3.63]. 83 Furthermore the mass spectrum of 
the product showed a molecular ion peak at m/z 152 which was indicative of 
131. Therefore there seemed little doubt that the product was the expected 
1,2,3,4,tetrahydro-1-methy16HpYrrol0[1,2a1PYm7 -01 (131), formed 
in 95% yield. However in subsequent O-alkylation reactions and reactions 
with electrophiles such as 5-methoxymethylene Meldrum's acid (72) the 
pyrrolone appeared to give unusual complex mixtures. This is in sharp 
contrast to other pyrrolones where reactions of this type commonly give well 
defined products in high yields. Nevertheless rather than dispute the 
formation of the pyrrolone these results may be exp1aind by the high 










(ii) TAUTOMERISM IN SOLUTION: 
THE NMR PROPERTIES OF 5-CYANO AND 5-PHENYLTHIO 
SUBSTITUTED 3-HYDROXYPYRROLES AND 
3-HYDROXYTHIOPHENES 
It has already been shown in the introduction that NMR 
spectroscopy provides a useful tool in the investigation of the tautomerism 
in 5membered-3-hydroXyheterocYCtes and that the choice of solvent can 
often have dramatic effects on the equilibrium of such a process. In general 
the pyrrolone tautomer is favoured in nonpolar solvents (e.g. CHC13) and the 
hydroxypyrrole is favoured in polar hydrogen bond acceptor solvents (e.g. 
DMSO). The 1H NMR (and 13C NMR) spectra of the 5-cyano heterocycles 
indicates that, in solution, these molecules specifically adopt the enol 
configuration. This was even shown to be the case in nonpolar solvents such 
as [2H] chloroform. Clearly these derivatives are indifferent to solvent 
effects and the configuration is dictated by the powerful electron-
withdrawing effects of the nitrile substituent. In contrast, the keto-enol 
tautomerism equilibria of the 5-phenylthio substituted heterocycle (128) is 
very dependent on the choice of solvent. With nonpolar solvents e.g. [2H] 
chloroform the keto form dominates (enol : keto, 1 7.2) while in [2H}6 
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The NMR data associated with these 5-substituted derivatives are 
presented, together with related systems, in Tables 31-33. It should be 
mentioned that assignment of the 2-H and 4-H signals from the 5-cyano-3-
hydroxy compound (125) and the enol form of the 5-phenylthio derivative 
(132) (in [2H]6 DMSO) were confirmed by NOE experiments. Irradiation of 
the N-methyl protons from (125) enhanced the one proton doublet at 8 H 6.44 
by 7% while irradiation of the ortho hydrogens of the SPh moiety from (132) 
enhanced the signal at 8 H 6.12 by 4%. In the latter case irradiation of the 
N-methyl protons proved ineffective since the signal was located under the 
.water peak of the [2H]6  DMSO and therefore, not surprisingly, the net result 
was an enhancement of the 2-H and 4-H signals due to exchange processes 
between the water and the hydroxy proton. 
Clearly from the Tables 31 and 32 conjugative electron 
withdrawal from the nitrile substituent causes significant deshielding at the 
2- and 4-positions with both the hydroxypyrrole and hydroxythiophene 






N C 	 N= 
X=S,NMe 
Scheme 49 
The effect is particularly pronounced at the 4-position where 4-H 
is deshielded by approximately 1.0 p.p.m. in the pyrrole case and 0.6 p.p.rn. 
in the analogous thiophene case. Similarly the corresponding C-4 signals are 
deshielded by 15 p.p.m. and 10 P.P.M. respectively. 
TABLE 31 
'H NMR PARAMETERS OF 5-SUBSTITUTED 
3-HYDROXYPYRROLES AND 3-HYDROXYTHIOPHENES 
4 	OH 
)/\ 
R- 	x 	R 
X R2 R4 R5 2-H 4-H 5-H 	J2.4 Ref 
132a NMe H H SPh 6.45 6.12 2.2 
125a NMe H H CN 6.44 6.33 2.0 
126 NMe Ph H CN 6.45 
133b NMe H H H 5.94 5.43 6.10 	2.0 79 
127a S H H CN 6.65 7.25 1.7 
13411 S H H H 6.29 6.71 7.10 	1.6 16 
135b S H H Ph 6.27 7.06 1.7 16 
a [2H] chloroform 
b [211] DMSO 
TABLE 32 
'C NMR PARAMETERS OF 5-SUBSTITUTED 
3-HYDROXYPYRROLES AND 3-HYDROXYTHIOPHENES 
4 	OH 
/\ 
R- 	X 	R 
X R2 R4 R5 C-2 C-3 C-4 C-5 - 
125a NMe H H CN 107.93 142.37 113.57 100.87 
136b N 1Bu H H H 101.16 143.37 97.60 114.18 
127 S H H CN 108.70 153.15 128.83 107.63 
134b S H H H 98.0 155.1 119.9 124.4 
135b S H H Ph 98.2 155.4 116.4 140.9 
a [2w] chloroform 






1 H NMR AND 'C NMR PARAMETERS 
OF 5-SUBSTITUTED 1H-PYRROL-3(2H)-ONES 
R4 	0 
R 5 )~ N 
R' 
- R1 R5 R4 2-H 
8H 
4-H 5-H 	C-2 C-3 
8C 
C-4 C-5 Ref 
128 Me H SPh 3.85 4.45 62.53 193.74 98.34 181.34 
131 (CH2 ) 3-NMe-R5 H NMe-(CH2)3-R' 3.65 4.45 
123 Me H NMe2 3.63 4.62 63.32 193.76 87.36 179.87 83 
137 Me H H 3.72 5.07 7.75 81 
138 'Bu H H 3.70 5.09 7.93 	54.19 199.79 99.13 162.58 87 
03 
N.B. All specta recorded in [ 2H] chloroform 
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Interestingly the phenylthio substituent also causes significant 
deshielding at the 2- and 4-positions of the 3-hydroxypyrrole (132). This 
proved rather surprising since shielding mesomeric effects are anticipated by 
virtue of conjugation of the sulfur lone pair with the aromatic 7tsystem. In 
light of these results it was even more of a surprise to find that the same 
substituent causes significant shielding of 4-H with the corresponding 
pyrrolone (128). Indeed the effect is so great that the chemical shift for 4-H is 
approximately equal to that of the 5-amino compounds (123,131). However, 
comparison of the 13C NMR spectra reveals that C-4 remains relatively 
unchanged for the 5-phenylthio pyrrolone while the 5-amino derivative 123 
exhibits a shielding of approximately 10 p.p.m. These curious results may 
be rationalised in terms of anisotropic effects of the phenyl ring, since it is 
known that protons which are in the plane of the ring are deshielded while 
protons above or below the ring are shielded. Consequently the deshielding 
at 4-H in the enol molecule may be explained if the phenyl and pyrrole rings 
are coplanar (Figure 17) while the shielding in the keto form may be caused 










(iii) MECHANISTIC STUDIES 
A great deal is already known regarding the mechanism of 
formation of 1H-pyrrol-3(2H)OfleS (or 3-hydroxypyrroles) from the pyrolysis 
of Meldrum's acid precursors. It has been established that the Meldrum's 
ring sequentially fragments with loss of acetone and carbon dioxide to give a 
methyleneketene intermediate which subsequently undergoes a hydrogen-
transfer-cyclisation process to give the pyrrolone. The hydrogen-transfer -
cyclisation process is believed to occur stepwise with the initial hydrogen 
transfer generating either a diradical 139 or dipolar 140 type intermediate 






It has been shown 130  that in the pyrolysis of precursors (e.g. 141) 
with two viable reaction sites, one primary and one tertiary, gives a 
preference for primary over tertiary reaction of 2.2 : 1.0 after statistical 
correction (Scheme 50). This clearly favours the view that the intermediate in 
the hydrogen-transfer-cycliSation process is the dipolar structure since with a 
radical process substantial tertiary preference would be anticipated. 
131 
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Scheme 50 
Obviously the stability of such a dipolar intermediate (140) 
depends largely on the nature of the substituents. For example electron-
withdrawing or electron-conjugating groups (R 2, R2') adjacent to the anion 
help disperse the negative charge and similarly electron-releasing 
substituents (RI) stabilise the cation. 
serve to stabilise the intermediate. 
Clearly both of these effects would 
It follows that stabilisation of the 
intermediate by one or both of these effects would accelerate formation of 
such a species. Indeed this may explain the high selectivity for benzylic or 
a-carboxylic ester sites where the negative charge which is generated may be 











Interesting possibilities arise when the nitrogen is substituted by a 
phenyl group with a range of para substituents (Scheme 51). Obviously the 
phenyl moiety contains no a-hydrogen atoms and hence cannot be 
considered as a reaction site. However by selecting the para substituent it 
should in principle be possible to affect the stability and hence rate of 
formation of the dipolar intermediate 142. For example powerful electron-
donating groups e.g. X = OCH3, NH2 would tend to stabilise the intermediate 
while electron-withdrawing substituents X = NO 2, CO2R would have the 
opposite effect. Consequently one would expect an acceleration of formation 
of the intermediate with p-methoxy or p-amino substituents and a 
corresponding deceleration with p-nitro or p-carboxylic ester substituents 
with respect to the unsubstituted p-hydrogen case. 
0 	 0 








Measurements of rate constants for such a process would be 
complex due to the very nature of the pyrolysis technique. However the 
internal competition, which occurs in the pyrolyses of the precursors 91-93, 
can provide relative rates and hence give an insight into the effect of these 
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Scheme 52 
Clearly the pyrolysis of such precursors gives a mixture of two 
pyrrolones (143,144), however the relative amounts of each product depends 
on the ease of generation of the dipolar intermediates (145,146). There are 
two factors to consider in the formation of the intermediate; firstly the 
statistical factor, favouring 146 with respect to 145 by virtue of more 
a-hydrogen atoms, and secondly the stability factor, whereby the 
intermediate 145 may be stabilised by substituent effects. In contrasting 
experiments where only the substituent X is changed then the former factor 
may be ignored since it remains constant. However if the substituents X 
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truly have a stabilising (or destabilising) effect on the dipolar intermediate 
then varying the nature of X should result in a consequent change in the 
proportions of the pyrrolone products. It is reasonable to assume that the 
substituents X should obey their Hammett 'substituent constant' parameters 
a, for which the substituents H, OCH 3, and Cl are attributed values of 0.0, 
-0.27, and +0.23 respectively 138, and hence stabilisation of the intermediate 
145 and subsequent formation of the pyrrolone 143 should be greatest with 
the p-methoxy and least with the p-chloro substituent. 
Pyrolysis of each of the Meidrum's acid derivatives was carried 
out at a furnace temperature of 600°C and the subsequent product mixtures 
were removed by distilling [2H] chloroform through the product trap. The 
pyrolysate was then analysed by 1H NMR spectroscopy and the products 
were assigned by virtue of their corresponding integrals. Furthermore direct 
comparison of the integrals, related to each of the pyrrolones, gave some 
indication of their relative proportions in the product mixture. The results of 
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0.19±0.01 
OMe 	 1 
	
0.20 ±0.05 




Evidently variation in the substituent X has little effect in 
directing the pyrolysis. While it is noticeable that the electron-donating 
methoxy moiety causes a slight increase in the formation of 143 with respect 
to the unsubstituted case (X = H), it should also be pointed out that the net 
electron-withdrawing chiorihe atom has similar effects. Unfortunately 
attempts to extend this work to include strong electron-withdrawing groups 
e.g. NO2  was unsuccessful due to the unavailability of the appropriate 
Meldrum's acid precursor (see Section A). 
One possible explanation for the surprising results is inherent 
from the dipolar intermediate 146. By conjugation of the remaining nitrogen 
lone pair it may be possible to represent the intermediate by two canonical 











This is significant in that a positive charge would be generated on 
the nitrogen substituted by the phenyl ring. Therefore the same stabilisation 
(or destabilisation) processes may occur with this intermediate as with the 
corresponding dipolar structure 145. Hence both pathways would be 
affected in a similar manner by each of the substituents (X) causing little 
change in the relative proportions of each pyrrolone in the mixture. This 
theory may be validated by theoretical calculations to prove the existence of 
such a resonance process. 
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(iv) FLASH VACUUM PYROLYSIS OF 5-(1-N,N-DIMETHYL-1-
METHOXY)METHYLENE MELDRUM'S ACID 
Before dealing with the pyrolysis of the title compound it is 
important to understand the significance of the methoxy substituent. 
Therefore the following account focuses on the pyrolysis of other 5-
methoxymethylene Meldrum's acid derivatives, the intermediates which are 
generated, and the products which may be formed. 
The pyrolysis of 5-methoxymethylene Meidrum's acid (72) was 
first performed in the late 70's by R. F. C. Brown et al.139 It was suggested 
that the derivative fragmented in the usual way to give the corresponding 
alkoxymethyleneketene intermediate (147) which was subsequently trapped 
with aniline to give 3-methoxyprop-2-enanilide (148). Curiously it was 
found that by extending the 'contact time' within the furnace tube the 
analogous reaction with aniline failed to give the anilide but instead resulted 
in the formation of acetanilide and propionanilide. It was speculated that 
these products were formed as decomposition products from 
methoxymethylenecarbene (149) or methoxyacetylene (150), the expected 
decarbonylation products of the ketene (Scheme 54). 
More recently the existence of the alkoxymethyleneketene (147) 
has been proven by low temperature JR Spectroscopy, 66 NMR Spectroscopy66 
and Photoelectron Spectroscopy 140. However it was also established that this 
ketene is particularly unstable, quickly decomposing and\or polymerising at 
temperatures above -20°C. By comparison the methylmethoxymethylene 
ketene which was formed from pyrolysis of the 5-(1-methoxy-1-
methyl)methylene Meldrum's acid precursor was noticeably more stable, 
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Finally it should be mentioned that for alkoxymethyleneketenes 
no cyclisation to the furan-3(211)-one has ever been reported. This is rather 
curious since the equivalent nitrogen and sulfur analogues both proceed to 
give the respective pyrrol-3(2H)-ones and thiophen-3(2.H)-ones in high 
yields. This'abnormal' behaviour of alkoxymethyleneketenes is not well 
understood and is currently under investigation. 140 
The pyrolysis of 5-(1-NN-dimethyl-1-methoxy)methylene 
Meidrum's acid (94) is of particular interest since, in theory, the reaction may 
proceed in three different directions. Presumably the initial stages of the 
reaction will generate the methyleneketene (151) in the usual manner. 
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However this intermediate can in principle react as an 
aminomethyleneketene and cyclise to the highly 'electron-rich' 5-methoxy-
1H-pyrrol-3(2H)-one (152) [path 1] or it may behave as other 
alkoxymethyleneketenes [path 2] and fragment, polymerise, or rearrange. 
Finally one must not rule out the possibility, however unlikely, that the 
methyleneketene may also cyclise to give 5-dimethylamino-furan-3(2H)-one 
(153) [path 3] (Scheme 55). 
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Initial pyrolyses of (94) were carried out over a range of furnace 
temperatures (500°C, 600°C, 700°C) and the products were removed by [211] 
chloroform and analysed by 1H NMR spectroscopy. Regardless of the 
temperature no trace of the 5-substituted pyrrolone (152) [or furanone (153)] 
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was ever detected. Instead the 'H NMR spectra showed signals of equal 
integration at 8H  3.89, 3.18, and 3.01 with an additional signal of variable 
intensity at 8H  2.93. Clearly the introduction of the alkoxy moiety into the 
system must facilitate an alternative, lower energy, process which dominates 
over the familiar hydrogen-transfer-cyclisation which generates the 
pyrrolone. 
In an attempt to ascertain the identity of the product(s), the 
pyrolysis was reinvestigated at the 'optimum temperature' of 500°C. The E.I. 
mass spectrum of the crude product revealed a peak of low abundance at 
m/z 145(3%) and a more intense peak at m/z 127(32%). The latter appears to 
be consistent with the molecular ion of the methyleneketene thereby 
suggesting some kind of rearrangement process, while the peak at m/z 145 
(a difference of 18) may be the result of further hydrolysis of the rearranged 
product. Two related rearrangements were considered leading to the 
formation of the 'push-pull' alkynes (154) and (155) via [1,3] shifts of the 









The ynamine (155) is well known and indeed its 'H NMR 
parameters have been reported: oH  3.67(3H,$), and 2.90(6H,$). 14' Clearly 
these values do not correspond to those obtained from the pyrolysis product. 
The 2-propynamide (154) is unreported in the literature. 
Preliminary G.C./M.S. analysis of the crude product indicated a 
mixture containing two major components with mass spectra showing 
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highest mass peaks of m/z 87 and m/z 145 respectively. The peak at m/z 145 
is consistent with the E.I. spectrum and again is suggestive of some kind of 
hydrolysis process (see earlier). Hydrolysis of the propynamide ( 154) to give 
the malonic acid derivative (156) was considered (Scheme 56) however it 
was later found that (156) is a known compound with 'H NMR parameters 
deviating from those obtained from the pyrolysis product [156: 6H  3.7(3H,$), 
















In summary it is evident that the pyrolysis of 5-(1-N,N-
dimethylamino-1-methoxy)methylene Meidrum's acid does not give either 
the 5-substituted pyrrolone or the 5-substituted furanone but that the 
pyrolysis is complex may proceed via rearrangement or fragmentation 
processes to give a product or products which are not well understood. 
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LQ THE REACTIONS OF ELECTRON-RICH AND 
ELECTRON-DEFICIENT 3-HYDROXYPYRROLES, 
3-HYDROXYTHIOPHENES, AND THEIR 3-ALKOXY 
ANALOGUES 
This chapter will attempt to compare and contrast the reactivity of 
the new 5-substituted electron-rich and electron-deficient 3-hydroxypyrroles 
[1H-pyrrol-3(2H)-ones] and 3-hydroxythiophenes [thiophen-3(2.H)-ones]. 
Alkylation, acylation and electrophilic reactions are described, and, in 
addition,the metallation of the 3-methoxy analogues is also investigated. 
(1) O-ALKYLATION AND O-ACYLATION OF 3-HYDROXYPYRROLES 
AND 3-HYDROXYFHIOPHENES 
The alkylation of the ambident anions, generated from 
3-hydroxypyrroles and 3-hydroxythiophenes by treatment with base, may 
give rise to C- and/or O-alkylated products depending on the choice of 
alkylating agent and reaction solvent. It has been shown that by using an 
alkylating agent with a 'hard' leaving group in conjunction with a dipolar 
aprotic solvent this reaction may be tailored for regiospecific O-alkylation 
(see Introduction). The optimum conditions for such a process have been 
found to involve alkyl p-toluenesulfonates (alkylating agent) and sodium 
hydride in dimethylimidazolidinone (DM1) (solvent). 16 ' 93 In view of the 
availability of 3-hydroxypyrroles and 3-hydroxythiophenes via FVP and the 
efficiency of the now well developed regiospecific O-alkylation process this 
offers an attractive route to a range of 3-alkoxy compounds. 
Using the optimum conditions described above the pyrrolone 
(128), 3-hydroxypyrrole (125) and 3-hydroxythiophene (127), reported in the 
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previous Section, were converted to their corresponding methoxy analogues 















3Methoxy-1-methy1-5-pheflylthiopYrrOle (157) was prepared 
from the pyrrolone 128 which was taken without purification from pyrolysis 
of the Meidrum's acid precursor. As a result the 3-methoxy derivative was 
frequently contaminated with pyrolysis by-products such as diphenyl 
disulfide (see Discussion Section B). Isolation of the purified methoxy 
compound was subsequently achieved by kugelrohr distillation or dry flash 
chromatography, however the latter technique proved to be much more 
effective in the removal of the persistent diphenyl disulfide. The product 
was obtained as a particularly odorous low melting solid in a reasonable 
yield (61%). 
O-Alkylation of 5-cyano-1-methyl-3-hydroXypyrrOle (125) and 
5-cyano-3-hydroxythiophefle (127) also proceeded under the standard 
conditions to give the corresponding products in reasonable yields (158, 43% 
159, 62%). However it was later found, ratner rortuitously, mat me 
3-methoxythiophene (159) was best prepared from 127 using diazomethane. 
The reaction proceeded regiospecifically, even though the diazomethane was 
in vast excess, to give the O-alkylated product in quantitative yield. 
Diazomethane has been reported to be a useful alkylating agent, 9' 21 ' 28'36 
particularly with 3-hydroxythiophenes, however there are also instances 
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were this reagent has failed to react. 3'27'97 
The 	acylation 	reactions 	of 	3-hydroxypyrroles 	and 
3-hydroxythiophenes have also been described in the Introduction. Due to 
the 'hard' nature of the acylating agents, acylation usually occurs on the 
oxygen to give the O-acylated product in typically high yield. During the 
course of this research the 5-cyano derivatives (125,127) were successfully 
O-acylated using conditions previously developed at Edinburgh (acetyl 
chloride \triethylamine) 143 The corresponding 3-acetoxy compounds 











Tables 35 and 36 represent an interesting comparison of the 1H 
NMR and 13C NMR parameters of the 3-hydroxy, 3-methoxy and 3-acetoxy 
derivatives. The spectra were all recorded in [2H] chloroform. Both the 1H 
NMR and 13C NMR spectra of the 3-methoxy pyrroles and thiophenes bear 
close resemblance to those of the corresponding 3-hydroxy compounds. In 
contrast the same is not true of the 3-acetoxy derivatives where the spectra 
show significant changes. The most striking difference is the deshielding at 
the 2-position which may be explained in terms of a conjugative electron 
withdrawal of the oxygen lone pair by the carbonyl (Scheme 57). The net 
result would be a decrease in the electron donation from the oxygen to the 
ring and hence a decrease in electron density at the 2-position. 
TABLE 35 
1H NMR PARAMETERS OF SELECTED 3-HYDROXY, 
3-METHOXY AND 3-ACETOXY PYRROLES AND THIOPHENES 
R' 	OR3 
X R2 R3 R4 R5 2-H 4-H 5-H 	
4J24 
132 NCH3 H H H SPh 6.45 6.12 
2.2 
125 NCH3 H H H CN 6.44 6.33 
2.0 
157 NCH3 H CH3 H SPh 6.47 6.23 
2.2 
158 NCH3 H CH3 H CN 6.40 6.34 
1.9 
162 NCH3 H CH3 H H 6.18 5.80 6.35
144  
160 NCH3 H Ac H CN 6.91 6.57 
1.8 
127 S H H H CN 6.65 7.25 
1.7 
159 S H CH3 H CN 6.53 7.21 
1.7 
163 S H CH3 H H 6.28 6.79 7.20 	1.6 
16 




13C PARAMETERS OF SELECTED 3-HYDROXY, 
3-METHOXY AND 3-ACETOXY PYRROLES AND THIOPHENES 
4 	 3 
/\ 
R 	x R 
X R2 R3 R4 R5 C-2 C-3 C-4 C-5 
125 NCH3 H H H CN 107.93 142.37 113.57 100.87 
157 NCH3 H CH3 H SPh 106.53 147.69 108.71 
158 NCH3 H CH3 H CN 105.75 147.66 111.37 101.53 
164 NtBu H CH3 H H 99.76 148.36 95.80 11.5.04 87  
160 NCH3 H Ac H CN 110.56 135.36 117.67 101.55 
127 S H H H CN 108.70 153.15 128.83 107.63 
159 5 H CH3 H CN 104.53 157.66 128.17 108.56 
163 S H CH3 H H 96.5 158.7 119.2 124.7 16 









X = NMe, S 
Scheme 57 
Finally it is noteworthy that the 1H NMR and 13C NMR spectra of 
the 3-methoxy-5-phenylthio derivative shows significant deshielding at the 
4-position in comparison with 2,4,5-unsubstituted-N-substituted-3-
methoxypyrroles. Once again this effect can be rationalised by an 
orientation of the adjacent phenyl ring which causes deshielding via ring 
current effects (see Discussion Section B). 
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(ii) REACTIONS WITH ELECTROPHILES 
The highly electron-rich nature of 3-hydroxypyrroles and 
3-hydroxythiophenes and the consequent facile reactions with electrophiles 
have already been mentioned in the Introduction. Simple considerations of 
the intermediate resonance structures, resulting from electrophilic attack on 
the unsubstituted systems (Scheme 29), indicated that with the enol 
configuration the most reactive and least reactive sites are the 2- and 
4-positions respectively. In contrast for unsubstituted 1H-pyrrol-3(2H)-ones 
and thiophen-3(2H)-ones the only viable site for reaction is the 4-position 
(Scheme 30). However it was also noted that these predictions are strongly 
dependent on the position and nature of substituents. 
The following section describes the reactions of 5-substituted 
3-hydroxy- and 3-methoxy- pyrroles and thiophenes with a number of 
electrophiles, thereby illustrating the powerful effects of these substituents 
on both the reactivity and regioselectivity. 
(a) Reactions with 2,2-dimethyl-5-methoxymethylefle-1,3-diOXafle'416 
dione (methoxymethylene Meldrum's acid) 
Methoxymethylene Meldrumts acid 104 (72) has recently been used 
to probe the regioselectivity and reactivity of 3-hydroxypyrroles 
(pyrrolones) 145  and 3-hydroxythiophenes (thiophenones). 16 The great value 
of this reagent is that despite being a rather weak electrophile it reacts with 
these systems under relatively mild conditions (in acetonitrile at room 
temperature) to give products with a high degree of crystallinity. 
Using the above conditions the 5-phenylthio-1H-pyrrol-3(2H)-one 
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derivative (128) was reacted with methoxymethylene Meidrum's acid to give 
a single product (165) in 70% yield. From the X-ray crystal structure which 
is shown in Figure 21 it is clear that substitution had occured 
regiospecifically in the 2-position. This fits with the 'normal' pattern of 
reactivity for 3-hydroxypyrroles or pyrrolones, in the absence of bulky 
N-substituents, where the systems are known to react with electrophiles via 
the enol tautomer to give 2-substituted products- 145  However it is still 
nonetheless surprising that with the pyrrolone form highly dominant in 
solution and with the 4-position activated by conjugative effects from both 
the sulfur and nitrogen lone pairs (Scheme 58), the reaction still proceeds via 











A similar result was obtained in the equivalent reaction with 
5-methylthio-3-hydroxythiophene where once again despite the dominance 
of the keto tautomer in solution the electrophile reacted exclusively with the 
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The X-ray crystal structure of the 5-phenylthio derivative (165), 
together with the numbering scheme, is shown in Figure 21 with the relevant 
bond lengths, bond angles and torsion angles given in Tables 37-39. The 
most distinct feature of the structure is the unique '8-membered ring' which 
is formed as a consequence of hydrogen bonding between the hydroxyl 
proton and one of the Meldrum's acid carbonyls. From the torsion angles it 
is clear that this ring is virtually planar, a feature which is adequately 
displayed in the projected side view shown in Figure 21. 
By way of comparison the crystal structure of a related compound 
(167), previously prepared from the reaction of N-phenyl-1H-pyrrol-3(2F1)-
one and methoxymethylene Meldrum's acid, 145 was obtained. The structure 
is illustrated in Figure 22 and the associated parameters are given in Tables 
40-42. It is evident, from the torsion angles (particularly C(2)-C(6)-C(ll)-
C(10) and C(3)-C(2)-C(6)-C(1 1)), that although a similar 8-membered ring 
exists, it does not show the same degree of planarity as the 5-phenylthio 
derivative (165). Indeed this deviation in planarity is also reflected in the 
bond distances associated with the 8-membered ring. Although not 
statistically significant, comparison of the bond distances of the 5-phenylthio 
derivative (Figure 23) with those from the N-phenyl compound (Figure 24) 
reveal a general trend, involving a shortening in the C(3)-0(3), C(2)-C(6) and 
C(10)-C(ll) bonds and a corresponding lengthening in the C(2)-C(3), C(6)- 
Q1 1) and C(lO)-0(10) bonds. This trend may be explained in terms of 
delocalisation of the oxygen lone pair with the conjugated Meidrum's acid 
carbonyl (Scheme 59): evidently the higher the degree of planarity the 
greater the delocalisation and hence the greater the contribution from the 









Bond Lengths(A) with standard deviations 
N(1) -C(IN) 1.448(18) 0(7) -C(12) 1.359(16) 
N(1) - C(2) 1.415(17) C(8) -C(8A) 1.519(19) 
N(1) - C(S) 1.348(16) C(8) -C(8B) 1.522(20) 
C(2) - C(3) 1.440(19) C(8) - 0(9) 1.439(16) 
C(2) - C(6) 1.389(19) 0(9) -C(10) 1.326(17) 
C(3) - 0(3) 1.317(17) C(10) -0(10) 1.229(17) 
C(3) - C(4) 1.410(19) C(10) -C(11) 1.450(19) 
C(4) -C(5) 1.380(19) C(11) -C(12) 1.457(19) 
C(S) - 	 S 1.746(13) C(12) -0(12) 1.215(17) 
C(6) -C(11) 1.400(19) S -C(1P) 1.767( 	9) 
0(7)-C(8) 1.426(16) 
TABLE 38 Angles(degrees) with standard deviations 
C(1N) - N(1) - C(2) 125.3(11) 0(7) - C(8) - 0(9) 110.0(10) 
C(IN) - N(1) - C(S) 124.9(11) C(8A) - C(8) -C(8B) 113.8(11) 
C(2) - N(1) - C(S) 109.8(10) C(8A) - C(8) - 0(9) 110.9(11) 
N(1) - C(2) - C(3) 104.6(11) C(8B) - C(8) - 0(9) 105.1(11) 
N(1) - C(2) - C(6) 118.5(12) C(8) - 0(9) -C(10) 119.3(10) 
C(3) - C(2) - C(6) 136.8(13) 0(9) -C(10) -0(10) 116.5(12) 
C(2) - C(3) - 0(3) 128.1(12) 0(9) -C(10) -C(11) 117.9(12) 
C(2) - C(3) - C(4) 108.4(12) 0(10) -C(10) -C(11) 125.4(13) 
0(3) - C(3) - C(4) 123.4(12) C(6) -C(11) -C(10) 127.8(12) 
C(3) - C(4) - C(5) 106.7(12) C(6) -C(11) -C(12) 113.8(12) 
N(1) - C(5) - C(4) 110.5(11) C(10) -C(11) -C(12) 118.0(12) 
N(1) - C(S) - 	 S 122.2( 	9) 0(7) -C(12) -C(11) 116.8(12) 
C(4) - C(S) - 	 S 127.2(10) 0(7) -C(12) -0(12) 117.6(12) 
C(2) - C(6) -C(11) 139.5(13) C(11) -C(12) -0(12) 125.4(13) 
C(8) - 0(7) -C(12) 117.5(10) C(S) - 	 S -C(1P) 99.6( 	5) 
0(7) - C(8) -C(8A) 110.1(10) S -C(1P) -C(2P) 120.4( 	6) 





Torsion angles(degrees) with standard deviations 
C(1N) - N(1) - 	 C(2) - 	 C(3) -179.9(12) 








C(1N) - N(1) - 	 C(2) - 	 C(6) 




C(12) - 0(7) - C(8) - 09) -50.3(14) 
C(S) - N(L) 
N(1) 
- C(2) 
- 	 C(2) - 	 C(6) -177.6(12) C(8) - 0(7) 
-C(12) -C(11) 24.0(17) 
- C(S) 
C(1N) - N(1) - 	 C(S) - 	 C(4) 179.6(12) 
C(8) - 0(7) -C(12) -0(12) -161.2(12) 
45.8(15)  









C(2) - N(L) - C(5) - 	 C(4) 
S 
0.8(15) 
-177.1( 	9) C(8B) - C(8) - 0(9) 
-C(10) 160.4(11) 
C(2) - N(1) - C(S) 
- C(3) 
- 
- 	 0(3) 177.7(13) C(8) - 0(9) 
-C(10) -0(10) 169.1(11) 
N(1) - C(2) 
C(2) - C(3) - 	 C(4) 0.9(15) 
C(8) - 0(9) -C(10) -C(11) -14.8(18) 
- N(1) 
C(6) - 	 C(2) - 	 C(3) - 	 0(3) -6.6(27) 
0(9) -C(10) -C(11) - C(6) 173.9(13) 
C(6) - 	 C(2) - 	 C(3) - 	 C(4) 176.6(16) 










-C(11) -C(12) 162.0(14) 
C(3)-C(2) -C(6) -C(11) 3.8(30) 
-0.5(15) C(6) -C(li) -C(12) - 0(7) 
-177.6(11) 
C(2) - 	 C(3) 
- 	 C(3) 
- 	 C(4) 
- 	 C(4) 
- 	 C(S) 
- 	 C(S) -177.5(13) C(6) -C(11) 
-C(12) -0(12) 8.1(20) 
0(3) 
C(3) - 	 C(4) - 	 C(S) - 	 t4(L) -0.2(15) 











- 	 S -C(].P) -C(2P) -112.7( 	8) 
N(1) - 	 C(S) - 	 S 
- 	 S 
-C(1P) 
-C(1P) 27.9(13) C(5) - 	 S 
-C(1P) -C(6P) 70.4( 	8) 
C(4) 
C(2) 
- 	 C(5) 
- 	 C(6) -C(11) -C(10) -6.4(28) 






176.8( 	6)  
C(2) - 	 C(6) -C(11) -C(12) -179.0(16) 
S -C (1P) 
n 





Bond lengths (A) 
N(L) - 	C(2) 1.42)) 	3) C(7 - 	C)E) 1.432( 	3) 
N(L) - 	C(S) 1.343) 	3) 0(7) -C(32) 1.359( 	3) 
N(L) -C(1?) i.4155(:2) c)3: -C(3 A) i.504( 	4) 
C(2) - 	C(3) 1.415) 	3) C(3) -C(3B) i.509( 	4) 
 - 	C(6) 1.39) 	3) C)?) - 0 	) 1.4-(4( 	3) 
 - 	0(3) 1.339( 	3) 0()) -C(0) 1.348( 	3) 
0(3)-H(3) 0.954(23) C(10) -0(10) 1.224)3) 
C(3) - 	C(4) 1.380) 	4) C(10) -Ccii) 1.440) 	3) 
C(4) -C(S) 1.372(4) C(1L) -C)12) 1.472(3) 
C(S)-C(i1) 1.37?))) C(12) -0(12) 1.205(3) 
TABLE 41 
Bond angles (degrees) 
C(2) - 	 1(1) - 	C(S) 108.77(B) 0(7) - 	C(8) - 	 0(9) 109.67(17) 
 - 	 (4(1) -C(1P) 126.91(16) C(3A) -C(8) -C(33) 114.37(21) 
C( 5) - 	 (4(1) -C(1P) 124.07(18) C(8A) - C(8) - 	0(9) 109.82(19) 
N(1) - 	C(2) - 	C(3) 104.62(18) C(BB) - 	C(8) - 	0(9) 105.77(19) 
N(1) - C(2) - 	C(6) 118.72(18) C(8) - 	0(9) -C(10) 117.63(17) 
 -C(2) - 	C(6) 135.59(20) 0(9) -C(10) -0(10) 115.88(19) 
C(2) -C(3) - 	0(3) 126.69(20) 0(9) -C(L0) -C(1i) 117.94(18) 
C(3) -0(3) - 	H(3)11-0.2()-4) 0(10) -C(10) -C(L1) 126.01(20) 
C(2) -C))) -C(4) 109.30(21) C(6) -C(11) -C(i0) 126.03(19) 
0(3) -C(3) - 	C(4) 123.82(21) C(6) -C(11) -C(12) 115.05(18) 
C(3) -C(4) - 	C(S) 107.10(23) C(1.0) -C(11) -C(12) 117.65(18) 
N(1) -C(5) -C(4) 110.20(22) 0(7) -C(1.2) -C(L1) 116.55(18) 
C(2) -C(6) -C(11) 135.57(20) 0(7) -C(12) -0(12) 117.85(19) 
C(8) -0(7) -C(12) 118.95(17) C(11) -C(12) -0(12) 125.55(20) 
0(7) - C(8) -C(8A) 110.59(19) N(1) -C(1P) -C(2P) 121.13(12) 
0(7) -C(8) -C(8B) 106.42(19) N(1) -C(LP) -C(6P) 118.86(12) 
TABLE 42 
Torsion angles (degrees) 
C(5) - N(1) - C(2) - C(3) -0.08(24) C(2) - 	C(6) -C(11) -C(12) -178.81(23) 
C(5) - N(1) - C(2) - C(6) -170.00(20) C(12) - 0(7) - 	C(8) -C(8A) -73.44(24) 
C(1P) - N(1) - C(2) - C(3) -174.47(18) C(12) - 0(7) - 	C(8) -C(8B) 161.79(19) 
C(IP) - N(1) - C(2) - C(6) 15.6( 	3) C(12) - 0(7) - C(8) - 0(9) 47.82(24) 
C(2) - N(1) - C(S) - C(4) 0.6( 	3) C(8) - 	0(7) -C(12) -C(1i) -16.5( 	3) 
C(1P) - ?(1) - C(S) - C(4) 175.23(19) C(8) - 0(7) -C(12) -0(12) 165.94(19) 
C(2) - N(1) -C(1P) -C(2P) 43.63(25) 0(7) - 	C(8) - 0(9) -C(10) -50.05(24) 
C(2) - N(1) -C(IP) -C(6P) -137.33(18) C(8A) - 	C(8) - 0(9) -C(10) 71.68(24) 
C(S) - !4(1) -C(1P) -C(2P) -130.00(20) C(88) - C(8) - 0(9) -C(10) -164.44(19) 
C(S) - t4(1) -C(1P) -C(6P) 49.03(25 C(8) - 0(9) -C(10) -0(10) -163.85(19) 
N(1) - C(2) - C(3) - 0(3) -175.77(21) C(8) - 0(9) -C(10) -C(li) 20.6( 	3) 
N(1) - C(2) - C(3) - C(4) -0.5( 	3) 0(9) -C(10) -C(11) - C(6) 179.28(19) 
C(6) - C(2) - C(3) - 0(3) -8.4( 	4) 0(9) -C(10) -C(11) -C(12) 12.9( 	3) 
C(6) - C(2) - C(3) - C(4) 166.85(25) 0(10) -C(10) -C(11) - C(6) 4.3( 	4) 
N(1) - C(2) - C(6) -C(11) -171.10(23) 0(10) -C(10) -C(11) -C(12) -162.17(21) 
C(3) - C(2) - C(6) -C(11) 22.8( 	4) C(6) -C(11) -C(12) - 0(7) 176.90(18) 
C(2) - C(3) - C(4) - C(S) 0.9( 	3) C(6) -C(11) -C(12) -0(12) -5.8( 	3) 
0(3) - C(3) - C(4) - C(S) 176.29(22) C(10) -C(II) -C(12) - 0(7) -15.2( 	3) 
C(2) - C(3) - 0(3) - H(3) -26.9(15) C(10)   -0(12) 162.15(21) 
C(4) - C(3) - 0(3) - R(3) 158.5(15) N(L) -C(1P) -C(2P) -C(3P) 179.02(13) 
C(3) - C(4) - C(S) - N(1) -0.9( 	3) N(1) -C(1P) -C(6P) -C(SP) -179.05(13) 






Sonc 	a ngzis(..) N . :i s - an .a - . 	e'i atos 
C(2') I .43( 5 C() -0(10) 1 .433( 6' 
N 	) - C(S) 1.333 5: C(11) -C(12) 1.446(6) 
0(2) - C(3) 1 	.121 C(lO) -0(10) 1 .225 ( 5 
CU; - 	C(6) 1.370 s 0(10; - 0(9) 1.371 5 
012; - 	-.3 (3 1 .353;  0(9) - 0(8) .439: 5 
0;3) - 	C:4) 1.384; 5) C(6: -C (LTA) .511 7; 
04; -0(4A) 1 .486( 7) 0(3) -0(83; 1.511 6: 
0(4) - 	C;5' ).397( 5) C;8 - 0(7) 1.438 5': 
0(5) -0(5A) 1 .494(  0(7) -0(12; 1 .343; 5; 
0(6) -0(11) 1.404( 6) 0)12) -O(12 1.2431 5) 
TABLE 44 
Angies(degrees) with 	standar devaziors 
0(2) - 	N(1) - 	C(5) 109.5( 3) 0(10) -0(11) -0(12) 117.7( 3) 
N(1) - C(2) - 0(3) 104.4(  C(11) -0(10) -0(10) 127.4( 4) 
N(1) - 0(2) - C(S) 127.1(  C(ii) -0)10) - 0(9) 117.5( 3) 
0(3) - 0(2) - C(S) 128.4( 4) 0(10) -C(10) - 0(9) 115.0( 3) 
0(2) C(3) - 0(3) 128.0( 4) C(10) - 0(9) - 0(8) i9.6( 3) 
C(2) - 0(3) - C(4) 109.9(  0(9) - C(8) -C(3A) 11J5.3( 3) 
0(3) - 0(3) - C(4) 122.0(  0(9) - C(S) -0(88) 110.2( 3) 
0(3) - 0(4) -C(4A) 127.5( 4) 0(9) - 0(8) - 0(7) 110.4( 3) 
0(3) - C(4) - 0(5) 105.5( 3) C(SA) - 0(8) -0(83) 114.8) 4) 
C(4A) - C(4) - 0(5) 126.9( 4) C(8A) - C(S) - 0(7) 105.6( 3) 
N(l) - 0(5) - 0(4) 110.6(  0(88) - C(S) - 0(7) 110.3( 3) 
N(1) - 0(5) -C(5A) 122.3(  0(8) -0(7) -0(12) 118.5( 3) 
0)4) - C(S) -C(5A) 127.0( 4) 0(11) -C(12) - 	0(7) 119.7( 3 
C(2) - 0(6) -0(11) 135.2( 4) 0(11) -C(12) -0(12) 124.2( 4 1  
0(6) -CMI) -0(10) 126.0(4) 0(7) -0(12) -0(12) 116.0)3) 
0(6) -0(11) -0(12) 115.9(3) 
TABLE 45 
Torsion ang)esaegrees) with standard deviations 
C(S) - N(l) - 0(2) - C(3) -0.9 1, 4) C(2) - C(6) -0(11) -0)12) -16(3.5( 4) 
C5) - 	J1 ) - 0(2) - 0)6) 174.8( 4) C6) -CW) -C;10) 110) -6.3) 7) 
C(2 - 	N(l) - 0)5) - C(b) 0.6( 4) 06; -CMI) -0(10) - 0(3) 1774( 4) 
C(2) - NM) - C(S) -C(5A) 173.9( 4) C;12) -CMI) -0)10) -0:10) 167.0; 4 
N(1 - CC2) - 0(3) - 0(3) 179.9( 4) C(12) -0(11) -0(10) - 0(9)  
UW - CZ) - C(3) - C)4) 0.8( 4) C(S) -0)11) -C(12) - 0(7) -176.2: 3 
C6 - 0)2) - C(3) - 0(3) 4.3( 1) C;S) -0(11) -C(12) -0(12) 6.8( 6 1, 
C(S) - C(2) - C(3) - C4) -174.8( 4) C;10) -0(11) -0)12) - 0(7) 9.8c 6) 
N(l) - C(2) - C(S) -0(11) 3.9( 8) C(t0) -0(11) -C(12) -0(I2 -167.2) 4; 
C2) - 	C;2) - C(6) -CMI) 178.5( 4) C(11) -C(10 - 03) - C(8) -18.7( 53 
C(2) - C3) - C(4) -C)3A) 173.3) 4) 0(10) -C(lOi - 0(9)- C;8 1 545( 3; 
C.2) - C 3) - C4) - C5 -.5( 4) (:10) - 0(9 - C:8 1 -C 8A 157.6 3; 
0;3) - C3) - C:4; -C4A) 0.2( 7) C0C) - 0(9) - C;8; -018B) -73.0( 4 
0:3) - 0.4) - C(5 -179.'S( 4: C.C: - 0(9) - C.8; - 0(7) 44.1; 4; 
04; - 0;5) - 	Nil; -.3.1 5) 0(3) - C(s) - 0(7) -(112) -43.2; 44 
C3) - C4 - 0;5) -0: SA) -179.4,, 4) CSA) - CS) - O:7 -0(12) -156.6( Cl 
CC4A)- 0:4) - C:5) - N1) -179.9( 4) C88) - C(S) - 07) -0:12) 73.3( 4 
C4A- C4) - C(5) -3(SA) 0.3; 7) 0:3) - 07) -C 	2) -C(W 17.3( 5) 
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Scheme 59 
Another interesting addition to this series of crystal structures is 
that of 5-(3-hydroxy-4,5-dimethylpyrrol-2-yl)methylefle Meidrum's acid 
(Figure 25). 145 The contrasting feature of this structure is that even though a 
similar 8-membered ring hydrogen bond is viable, the structure prefers to 
form a 7-membered ring hydrogen bond between the NH and the adjacent 
Meidrum's acid carbonyl group. The relevant structural data are presented 
in Tables 43-45. 
159 
In contrast to 5-phenylthio-1H-pyrrol-3(2H)-one (128), 5-cyano-1-
methyl-3-hydroxypyrrole (125) and 5-cyano-3-hydroxythiophene (127) both 
show a total lack of reactivity when treated with methoxymethylene 
Meidrum's acid. Evidently the cyano functionality is sufficiently 
deactivating at the conjugated 2- and 4-positions to prevent electrophilic 
substitution with such a mild electrophile. 
The apparent lack in reactivity of the pyrrole towards substitution 
was unexpected since 3-hydroxypyrroles are normally exceptionally reactive 
in the 2-position. However in light of this result it is not surprising to find 
that the 3-hydroxythiophene was also inactive since it is well known that 
thiophenes are commonly less reactive towards electrophilic substitution 
than pyrroles. 
3-Alkoxypyrroles and 3-alkoxythiophenes also react with 
electrophiles in a similar manner to their 3-hydroxy analogues. As before 
reactivity is greatest at the 2-position and least at the 4-position in the 
absence of complicating substituent effects. Since the reactions with 
methoxymethylene Meldrum's acid involving the 5-cyano-3-hydroxy 
derivatives (125,127) had failed, there was little point in repeating the 
analogous reaction with their 3-methoxy counterparts (158,159). However 
the corresponding reaction with 3-methoxy-1-methyl-5-phenylthiOpyrrOle 
(157) was attempted and resulted in the isolation of the 2-'Meldrumsated' 
product (169) in 69% yield. The position of substitution was confirmed by 
subsequent NOE experiments (Figure 26). 
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Figure 26 
A full listing of the 1H NMR and 13C NMR data associated with 
the pyrrole ring in each of the 3-hydroxy (165) and 3-methoxy (169) 
2tMeldrumsatedI derivatives is given in Table 46. Also shown are the data 
for the 2-substituted N-phenyl-3-hydroxy (167) and 3-methoxy-1-
phenylpyrrole (170) derivatives together with the relevant parent 
compounds. 
Comparison of the 1H NMR spectral data for the 
2-'Meldrumsated'-5-phenylthio compounds (165,169) with those from the 
corresponding 2-unsubstituted systems (132,157) reveals a large 4-H 
shielding. This is in marked contrast to the very small shielding which is 
observed with the analogous 3-methoxy-1-phenylpyrrole series. 
Furthermore since the methylene Meldrum's acid moiety virtually behaves 
as an electron-withdrawing group then it clearly is even more of a surprise 
to find 4-H shifted to a lower frequency. The greatest effect is exhibited in 
the 3-hydroxy derivatives where the 4-H signal from the 2-'Meldrumsated' 
compound is found at oH  5.37, intermediate between the contrasting values 
for the 5-phenylthio-pyrrolone (OH 4.44) and its enol tautomer (8 H 6.45). This 
may be explained by conjugation of the oxygen lone pair with the Meidrum's 
acid carbonyls (Scheme 59) to give a system with enhanced 'pyrrolone-like' 
characteristics. Similar arguments may also apply for the 3-methoxy 
TABLE 46 
1H NMR AND 13C NMR CHEMICAL SHIFTS OF 
2-'MELDRUMSATED' PRODUCTS 




R1 	R2 	R3 	R4 	R5 	2 	3 	4 	5 	Ref 
171 	Ph 	H 	Me 	H 	H 	6.73 	 6.14 	6.95 	87 
100.86 150.83 	100.32 116.99 
167 	Ph 	Mel 	H 	H 	H 	 6.12 	7.47 	145 
139.34 	167.04 	102.24 121.09 
170 	Ph 	Mel 	Me 	H 	H 	 6.09 	7.23 	16 
118.1 	159.2 	96.9 132.5 
132 	Me 	H 	H 	H 	SPh 	6.45 6.12 
157 Me H Me H SPh 6.47 	 6.23 
106.53 147.69 	108.71 
165 	Me 	Mel 	H 	H 	SPh 	 537 
123.96 	167.25 	101.85 	154.35 
169 	Me 	Mel 	Me 	H 	SPh 	 579 




The 13C NMR data for the 2-'Meldrumsated'-3-methoxy derivative 
(169) show changes in the chemical shifts for all four pyrrole ring carbons 
which are reasonably consistent with those from the corresponding 
N-phenyl compound. The position of substitution (2-position) and the 
directly conjugated 3- and 5-positions show the greatest changes. The 
enhanced shielding at C-4 is in agreement with the 'H NMR observations. 
Flash vacuum pyrolysis of the 2-'Meldrumsated' derivative 165 at 
600°C proceeds cleanly to give the pyranopyrrole (172) in 89% yield. Similar 
reactions have been previously reported 16"45 and a mechanism has been 
proposed involving the standard fragmentation of the Meidrum's ring 
followed by a hydrogen-transfer-electrocyclisation process (Scheme 60). 
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Identification of the product was confirmed by crystal structure 
determination. The crystallographic numbering system is shown in 
Figure 27 and the structural parameters are listed in Tables 47-49. The 
crystal structure reveals that the pyranopyrrole is almost planar while the 
phenyl ring is approximately 700 out of the plane. This is in contrast with 
the data from the 2-'Meldrumsated' pyrrole (165) where the phenyl ring was 
300  out of the plane with respect to the pyrrole ring. 
The 'H NMR spectrum of the pyranopyrrole (172) shows doublets 
for the two protons of the pyrone ring at 8H  7.50 and oH  6.06 (3J  9.6 Hz) and a 
singlet for the pyrrole ring proton at 0H  6.42. The chemical shift for the ring 
proton compares well with those from the related 3-hydroxy (132) and 3-







Bond lengths (A) 
S - 	C(2) 1.716) 4) C(3a) - 	 0(4 1.359) 4) 
S -C(1P) 1.7542(22) C(3a(-C(7a( 1.380(5) 
N(1) -C(IM) 1.458( 5) 0(4) - 	C(S) 1.399) 5) 
N(1) - 	C(2) 1.375) 4) C(S) - 	0(5) L.215( 5) 
N(1) -C(7a) 1.376( 4) C(S) - 	C(6) 1.431) 5) 
C(2) - 	C(3) 1.382( 5) C(S) - 	C(7) 1.348) 5) 
C(3) -C(3a) 1.386(5) C(7) -C(7a) 1.411)5) 
TABLE 48 
Bond angles (degrees) 
C(2) - 	 S -C(1P) 103.01(14) C(3a) - 	0(4) - 	C(S) 119.5( 3) 
C(IM) - 	N(1) - 	C(2) 126.4( 3) 0(4) - 	C(S) - 	0(5) 115.9) 3) 
C(1M) - N(1) -C(7a) 125.7( 3) 0(4) - 	C(S) - 	C(6) 117.5( 3) 
C(2) - N(1) -C(7a) 107.9( 3) 0(5) - C 	) - 	C(6) 126.7( 4) 
S - C(2) - 	N(l) 122.9( 3) C(S) - 	C(6) - 	C(7) 123.2( 4) 
S - C(2) - C(3) 127.6( 3) C ( 6 ) - 	C(7) -C(7a) 117.4( 3) 
N(1) - C(2) - C(3) 109.3( 3) N(1( -C(7a) -C(3a) 107.4( 3) 
 - C(3) -C(3a) 106.1( 3) N(1) -C(7a) - 	C(7) 132.4) 3) 
 -C(3a) - 0(4) 128.6( 3) C( 3a) -C(7a) - 	C(7) 120.2) 3) 
C(3) -C(3a) -C(7a) 109.2(3) S -C(IP) -C(2P) 116.74(15) 
0(4) -C(3a) -C(7a) 122.2(3) S -C(IP) -C(6P) 123.25(16) 
TABLE 49 
Torsion angles (degrees) 
C( 1p) - 	 S - C(2) - N(1) 72.4( 3) C ( 3 ) -C(3a) - 0(4) - 	C(S) 178.0( 3) 
C( 1p) - 	 S - C(2) - C(3) -112.2( 3) C(7a) -C(3a) - 	0(4) - 	C(S) -0.1(  
C(2) - 	 S -C( 1P) -C(2P) -160.88(19) C ( 3 ) -C(3a) -C(7a) - 	N(1) 1.8( 4) 
C(2) - 	 S -C(1P) -C(6P) 20.41(23) C(3) -C(3a) -C(7a) - 	C(7) -178.6( 3) 
C(1M) - N(1) - C(2) - 	 S -5.4( 5) 0(4) -C(3a) -C(7a) - 	M(1) -179.7( 3) 
C(1M) N(1) - C(2) - C(3) 178.5( 3) 0(4) -C(3a) -C(7a) - 	C(7) -0.1( 5) 
C(7a) - N(1) - C(2) - 	 S 176.87(25) C(3a) - 0(4) - C(S) - 	0(5) -179.3( 3) 
C(7a) - N(1) - C(2) - C(3) 0.7( 4) C(3a) - 0(4) - 	C(S) - 	C(6) 1.0( 5) 
C(1M) - N(1) -C(7a) -C(3a) -179.3( 3) 0(4) - C(S) - 	C(6) - C(7) 1.8( 6) 
C( 1M) - N(1) -C(7a) - C(7) 1.2( 6) 0(5) - C(S) - 	C(6) - 	C(7) 178.6( 4) 
C(2) - N(1) -C(7a) -C(3a) -1.5( 4) C ( 5 ) - 	C(6) - 	C(7) -C(7a) 1.5( 6) 
C(2) - N(1) -C(7a) - C(7) 173.9( 4) C(6) - 	C(7) -C(7a) - 	N(1) 1 	178.9( 4) 
S - C(2) - C(3) -C(3a) -175.5( 3) C(6) - C(7) -C(7a) -C(3a) -0.6( 5) 
N(1) - C(2) - C(3) -C(3a) 0.4( 4) S -C(1P) -C(2P) -C(3P) -178.74(16) 
C(2) - C(3) -C(3a) - 0(4) -179.7(  S -C(1P) -C(6P) C(SP) 178.65(16) 
C(2) - C(3) -C(3a) -C(7a) -1.4(  
166 
(b) Reactions with oxalyl chloride 
Oxalyl chloride is an extremely reactive compound with a wide 
range of applications in organic synthesis. 146'147 Recently it was shown that 
this reagent reacted readily with N-phenyl-1H-pyrrol-3(2H)-one to give a 
mixture of products (173,174) which are summarised in Scheme 61. 16 
Similarly, reaction with 3-methoxy-1-methylpyrrole gave the acid chloride 
175 also shown in Scheme 61. By comparison the parent 3-
hydroxythiophene and 5-(methylthio)thiophen-3(2H)-one decomposed on 
exposure to oxalyl chloride. 
When 1-methyl-5-phenylthiopyrrol-3(2H)-one (128) was dissolved 
in excess oxalyl chloride there was an immediate evolution of HCl gas and a 
dramatic change in the 1H NMR spectrum. The spectrum, which was 
recorded in situ in oxalyl chloride using a H] chloroform lock, no longer 
showed the characteristics associated with typical pyrrolones, but instead 
supported a structure more consistent with a 2,3,5-trisubstituted pyrrole. 
The signal recorded at 8H  6.68 compared with the 4-H resonance from the 
3-hydroxy (132) and 3-methoxy (157) 5-phenyithiopyrrole OH: 6.12, OH: 6.23) 
and since it was a singlet rather than a doublet then substitution had 
obviously occured in the 2-position. Interpretation of these results with 
those previously obtained from N-phenyl pyrrolone suggests that there are 
two possible compounds which satisfy this information, namely, the bicyclic 
(176) or the di-acyl chloride (177) derivatives. 
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176 	 177 
One could envisage two possible mechanisms for the formation of 
such a bicyclic structure (176) depending on the initial site of reaction. The 
oxalyl chloride either reacts at the oxygen and is followed by an 
intramolecular acylation process involving the adjacent carbon, or the 
reverse is true. The former process seems the more likely (Scheme 62) since 
it has already been shown that acylation reactions of pyrrolones or 3-
hydroxypyrroles with similar reagents to oxalyl chloride (e.g. acetyl 
chloride) generally result in the preferential formation of O-acylated rather 
than C-acylated products. 143  Furthermore O-acylated compounds are known 
to react with oxalyl chloride to give 0/C di-acylated compounds. 143 In a 
similar but competitive process formation of the di-acyl chloride derivative 
(177) may be explained by reaction of the intermediate (178) with a second 
molecule of oxalyl chloride before the intramolecular acylation occurs (cf. 
Scheme 61). 
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Confirmation of the initially formed product as the bicyclic 
derivative (176) was achieved by quenching the crude material with ethanol 
to give the glyoxylate (179) in 24% yield. The structure of the glyoxylate was 
elucidated on the basis of its mass spectrum (m/z 305, M+),  accurate mass 
(C 15H 15N04S), 13C NMR spectrum (12 signals, one quaternary missing) and 
the 'H NMR spectrum. Evidently treatment with ethanol (in the presence of 
hydrogen chloride, formed as a consequence of the reaction of ethanol with 
traces of oxalyl chloride) cleaves the bicyclic ring to give the glyoxylate (179) 
(Scheme 63). By contrast, and in light of the previous work performed by G. 
A. Hunter, 16  under similar conditions the di-acyl chloride would be 
expected to form 180 (Scheme 63) which was not isolated from the reaction 
mixture. 
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It should be noted that the glyoxylate (179) may also be formed 
170 
from the hydroxypyrrole (181) however formation of this derivative from the 
initial reaction with oxalyl chloride would be unlikely due to the high 
reactivity of the hydroxyl functionality. 
OH 
PhS 	I( J( Cl 
Me 0 
181 
The reaction of oxalyl chloride with 5-cyano-1-methyl-3-
hydroxypyrrole (125) compares well with that of the 5-phenylthio pyrrolone. 
As before the initial reaction with oxalyl chloride is instantaneous giving a 
product which displays analogous properties to that of the bicyclic structure 
176. Subsequent reaction with ethanol yields the glyoxylate 182 presumably 
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By contrast the reaction of oxalyl chloride with 5-cyano-3-
hydroxythiophene (127) proceeded to give two products in a ratio of 3:1. 
From the 1H NMR spectrum of this crude mixture it was clear that the 
171 
products showed none of the characteristics of 'bicyclic-type' compounds but 
rather those associated with O-acylated derivatives. Indeed the chemical 
shifts of the two sets of doublets 18H7.67, 7.59 (J 1.6): 5H 7.86, 7.81 U 1.7)1 
compared favourably with those of the related 3-acetoxy-5-cyanothiophene 
(161) 15H7.43, 7.39 (1 1.5)1. Further identification of the products is not 
possible with the data which is currently available however it is conceivable 
that reaction at the oxygen would result in the acid chloride (183) which may 










(c) Diazo-Coupling reactions 
The reactions of 3-hydroxypyrroles (or pyrrolones) with 
diazonium salts have been known since the beginning of the century. 19 
However they were often carried out on highly substituted systems and the 
products were commonly ill-defined. More recently 100 ' 148 similar coupling 
reactions were performed on systems in which the three ring positions were 
unoccupied, thereby addressing the questions of regiochemistry. The advent 
of better analytical techniques also enabled full characterisation of the 
products both in solution and in the solid state. 
3-Hydroxypyrroles and 1H-pyrrol-3(2B)-ones are found to react 
exclusively in the 2-position with diazonium salts unless this position is 
172 
blocked by additional substituents. 58 Interestingly these results suggest that 
the diazo-coupling of pyrrolones occurs via the enol tautomer since in this 
form the 2-position is activated by both the 3-substituent and the nitrogen 
heteroatom. The 2-substituted products which were obtained have been 
shown by UV studies and detailed 1H NMR analysis148 to adopt the 
ketohydrazone tautomer (185) in solution. 	Similarly an X-ray crystal 
structure of 186 has confirmed that the same tautomer is the stable form in 
the solid state. 148 
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In contrast 2,2-dimethyl-1-isopropyl-1H-pyrrol-3(2H)-one which 
couples smoothly in the 4-position with aryldiazonium fluoroborates gives 
true azo compounds (187).58 
The related reactions with 3-hydroxythiophenes and thiophen-
3(2H)-ones have not been as extensively studied, although recent work 149 has 
indicated that these systems behave in a similar manner to their pyrrole 
173 
analogues. 
The following section describes the diazo-coupling reactions of 
the new 5-substituted hydroxypyrroles and hydroxythiophenes reported in 
Section B of the Discussion. In addition similar reactions involving other 
3-hydroxythiophenes (thiophenones), which have previously been prepared 
by G. A. Hunter, 16 are also reported. 
The reaction of benzenediazonium chloride with 1-methyl-5-
phenylthiopyrrol-3(2H)-one (128) gives a highly crystalline and highly 
coloured product in a disappointing yield (36%). In accordance with 
previous results it was believed that the pyrrolone would react via the enol 
tautomer to give the 2-substituted derivative (188). This indeed was the case 
and the regiochemistry was confirmed by the X-ray crystal structure which 
is shown, along with the crystallographic numbering system, in Figure 28. It 
is clear that in the solid state the molecule adopts the ketohydrazone 
configuration. The parameters associated with the crystal structure are given 
in Tables 50-52 with the bond distances summarised in Figure 29. Also 
shown are the corresponding bond distances from the related N-
















Bond lengths 	(A) 
N(l)-C(1M) 1.455 (7) N(l)-C(2) 1.403  
N(l)-C(5) 1.361 (6) C(2)-C(3) 1.492  
C(2)-N(21) 1.283 (6) C(3)-0(3) 1.252 (6) 
C(3)-C(4) 1.412 (7) C(4)-C(5) 1.395 (7) 
C(5)-S 1.737 (5) N(21)-N(22) 1.336 (6) 
N(22)-C(1P) 1.389 (5) S-C(1S) 1.767 (3) 
TABLE 51 
Bond angles (°) 
C(1M)-N(1)-C(2) 123.9(4) C(11)-N(l)-C(5) 127.3(4) 
C(2)-N(1)-C(5) 108.6(4) N(l)-C(2)-C(3) 106.6(4) 
N(1)-C(2)-N(21) 121.1(4) C(3)-C(2)-N(21) 132.2(5) 
C(2)-C(3)-0(3) 122.5(4) C(2)-C(3)-C(4) 105.7(4) 
0(3)-C(3)-C(4) 131.8(5) C(3)-C(4)-C(5) 107.8(4) 
N(1)-C(5)-C(4) 111.2(4) N(1)-C(5)-S 119.2(4) 
C(4)-C(5)-S 129.6(4) C(2)-N(21)-N(22) 117.0(4) 
N(21)-N(22)-C(1P) 119.9(4) N(22)-C(1P)-C(2P) 118.0(2) 
N(22)-C(1P)-C(6P) 121.9(2) C(5)-S-C(1S) 99.6(2) 
S-C(1S)-C(2S) 120.5(1) S-C(1S)-C(6S) 119.5(1) 
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TORSION ANGLES 
C3 C2 Ni C1M -177.3 
C3 C2 Ni C5 -2.9 
N21 C2 Ni CiN -0.4 
N21 C2 Ni C5 174.0 
03 C3 C2 Ni -177.7 
03 C3 C2 N21 5.9 
C4 C3 C2 Ni 2.0 
TABLE 52 	 C4 C3 C2 N21 -174.4 
C2 C3 C4 C5 -0.4 
03 C3 C4 C5 179.3 
C4 C5 Ni C1M 176.9 
C4 C5 Ni C2 2.8 
S C5 Ni C1M -2.4 
S C5 Ni C2 -176.5 
C3 C4 CS Ni -1.4 
C3 C4 CS S 177.7 
Ni C2 N21 N22 -176.1 
C3 C2 N21 N22 -0.1 
C2 N21 N22 C1P 174.7 
CiP C2P C3P C4P 0.0 
C2P C3P C4P C5P 0.0 
C3P C4P C5P C6P 0.0 
CiP C6P C5P C4P 0.0 
N21 N22 C1P C2P 171.8 
N21 N22 C1P C6P -4.8 
C3P C2P C1P N22 -176.7 
C3P C2P C1P C6P 0.0 
N22 C1P C6P CSP 176.6 
C2P C1P C6P C5P 0.0 
Ni C5 S C1S 165.8 
C4 C5 S C1S -13.3 
CiS C2S C3S C4S 0.0 
CSS C4S C3S C2S 0.0 
C6S C5S C4S C3S 0.0 
C1S C6S C5S C4S 0.0 
C5 S C1S C2S -89.8 
CS S C1S C6S 89.2 
S C1S C2S C3S 179.0 
C6S C1S C2S C3S 0.0 
CSS C6S C1S S -179.0 
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A significant feature of the molecule is the hydrogen bonding 
which is illustrated in Figure 32. 
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Comparison of the C(3)-0(3), C(2)-C(3), and N(1)-C(2) bond 
lengths of the model pyrrolone (Figure 30) with those from the 2-substituted 
analogues (Figures 29,31) show significant changes which may be explained 
in terms of delocalisation of the lone pairs from both the cyclic and exocyclic 
nitrogen atoms (scheme 65). 
178 
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Scheme 65 
It is also worth pointing out that the C(4)-C(5) bond length in the 
5-phenylthio compound (188) is longer than in either of the related 
compounds. This is accountable by a similar delocalisation of the sulfur and 
nitrogen lone pairs (Scheme 66). The change in the N-substituent from 
phenyl to methyl enhances this effect since the lone pair from the nitrogen 
atom is no longer involved in conjugation with the phenyl ring. 
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In a similar diazo-coupling reaction 5-cyano-1 -methyl-3-
hydroxypyrrole (125) was converted into the ketohydrazone derivative 189. 
Although the yield was poor (17%) this reaction is nevertheless in direct 
contrast to the earlier electrophilic reaction with methoxymethylene 
Meldrum's acid which failed to give a product. Evidently the diazonium salt 
is a more powerful electrophile and reacts with the pyrrole even though the 
2-position is deactivated by the nitrile. The regiochemistry and assignment 
of the structure in solution as the ketohydrazone rather than the azo 
tautomer was established on the basis of the 'H NMR and 13C NMR spectra. 
The spectral data associated with the ring positions are presented in Table 53 
and are contrasted with those from related compounds (186,188). For 
convenience the parameters corresponding to the parent 5-cyano and 
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The 'H NMR spectrum of the cyano derivative (189) indicates a 
slight 4-H shielding with respect to the parent enol tautomer (125), however 
this result is small in comparison to the 5-phenylthio case (188) where 4-H is 
TABLE 53 




R5 	N N 
R' 
Rl R4 R5 
8H 
4 	5 C-2 C-3 
8c 
C-4 C-5 
186 	Ph H H 5.70 	7.84 132.58 178.47 101.19 148.64 
188 Me H PhS 4.75 126.20 172.25 96.99 167.42 
189 	Me H CN 6.02 124.62 167.31 105.31 143.48 
Ref 
1AQ 	 00  
i.0 
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shielded by 6H 1.37. This shielding is indicative of a pyrrolone structure 
rather than its enol tautomer (see Discussion Section B). The 13C NMR data 
of the cyano derivative 189 shows substantial deshielding at the C-3 and C-5 
positions relative to the parent hydroxypyrrole. In the enol configuration the 
2-azo electron-withdrawing moiety would be expected to cause deshielding 
at C-5, however it is unlikely to do so by 43 p.p.m.! Similarly although C-3 
would also be deshielded in an enol configuration, it is again unlikely to 
cause a shift of 25 p.p.m. to higher frequency. Hence the structure which 
bests fits the data is that of the ketohydrazone tautomer where the 
enaminone subunit explains the effects at C-3 and C-5. With the 
5-phenylthio derivative (188), the ' 3C NMR data is comparable to that of the 
parent pyrrolone (128) although admittedly C-3 and C-5 are found at 
considerably lower frequencies. Perhaps the best evidence for the 
hydrazone (188) is given by the 1H NMR spectrum where comparison with 
an enol configuration is possible. 
In summary it is clear that consideration of the 'H NMR and 13C 
NMR spectra strongly indicates dominance of the ketohydrazone tautomers 
in solution for each of the 5-substituted derivatives (188,189). 
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Interestingly the analogous coupling reaction of 5-cyano-3-
hydroxythiophene (127) was unsuccessful, a result which is in line with the 
comparative reactivities of pyrroles and thiophenes. However with more 
182 
reactive systems such as the parent 3-hydroxythiophene and the 
5-methylthio derivative (124) the results are quite different. 
Coupling of the parent compound produced a black gum which 
was analysed by 1H NMR spectroscopy. The spectrum contained a pair of 
doublets at 8H 7.25 and oH  6.71 (1 5.6 Hz), where the chemical shifts and 
coupling constant were consistent and indicative of a 2-substituted 
3-hydroxythiophene. 16  The remainder of the spectrum consisted of a one 
proton triplet at 0H  5.46 (J 7.3 Hz), two mutually coupled one-proton double 
doublets at 8H 3.24 and 0H  2.97 (J 17.4 and J 7.3 Hz), five aromatic 'benzene 
like' protons 0H 7.45-7.30 and a broad one proton signal at O 8.77. Portions 
of the spectrum were found to correlate extremely well with that of 4,5-
dihydro-5-(3-hydroxythien-2-yl)-thiOPhen-3(2R)One which was obtained as 
an oxidation product on exposure of the parent 3-hydroxythiophene to air. 16 
Notably however, the distinctive geminally coupled signals at 8H3.37 and 0H 
3.51 are clearly absent. Unfortunately, by comparison, the mass spectrum of 
the crude material was rather inconclusive. Nevertheless the 1H NMR 
parameters for this oxidation product are illustrated in Figure 33 and a 




























The formation of such a species could occur via initial 
diazotisation at the 2-position to form the thiophen-3-one (190) which then 
acts as an acceptor in a Michael reaction with 3-hydroxythiophene to give 
191. Subsequent tautomerisation of this molecule gives the compound 















By contrast 5-(methylthio)thiophen-3-one (124) couples with 
benzenediazonium chloride to give the expected 2-substituted product in 
excellent yield (82%). The position of substitution was established by a 
single NOE experiment which showed that irradiation of the SCH 3 enhanced 
the ring proton at H  6.24 by 5%; consequently the ring proton must be 4-H 
and reaction had therefore occured in the 2-position. As with the analogous 
pyrrole case both the 1H NMR and 13C NMR spectra are consistent with the 
formation of the ketohydrazone (192). 
NHPh 
MeS S N 
192 
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Interestingly the 'H NMR spectrum showed the presence of a 
second component, found in a ratio of 1 : 4 with the ketohydrazone (192) 
[major component (192): oH  13.93 (1H,br s), 7.40-7.19 (5H, m) 6.24 (1H, s), 
and 2.61(3H, s); minor component 0H  7.09-7.01 (5H, rn), 6.16 (1H, s), 2.61 (3H, 
s)]. One possible explanation is that in solution the diazo-coupled product 
exists as a mixture of the hydrazone (192) and azo (193) tautomers. 
Alternatively the appearance of the minor component may be attributed to 
hydrogen bonding processes which may occur between the sulfur atom and 
the NH of the hydrazone. Hence there may be significant contributions from 
the structure 194. 
OH NPh 
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(d) Other reactions 
3-Hydroxypyrroles have been shown to react readily with 
dimethyl acetylenedicarboxylate (DMAD) to give complicated mixtures of 
products which include Michael adducts (195) (pyrrolone and/or 
hydroxypyrrole forms; E- and/or Z-isomers) and cycloadducts (196).16  By 
comparison the analogous reactions with the parent 3-hydroxythiophene and 














Under similar conditions (DMAD/acetonitrile) 5-cyano-1-methyl-
3-hydroxypyrrole (125) and 5-cyano-3-hydroxythiophene (127) were both 
inert to cycloaddition and/or Michael addition even after considerable 
heating. This is consistent with other results where the nitrile substituent 
deactivates the ring towards electrophilic attack. However the same is not 
true of the 5-phenylthio-1-methyl-1H-pyrrol-3(2H)-One (128) where the 
reaction mixture shows a complete disappearance of starting materials after 
30 minutes (by tH NMR spectroscopy). Unfortunately attempts to separate 
the product(s) from the crude mixture were unsuccessful due to additional 
complications caused by impurities from the initial pyrolysis. 
Vilsmeier-formylation reactions of 3-methoxypyrroles are very 
common and very facile processes ( >70% yield in general).8351,152  The 
reaction generally occurs at the 2-position and the products are often key 
intermediates for the synthesis of prodigiosins. In addition the similar 
formylation of 5-(methylthio)thiophenone gave the corresponding 2-
carbaldehyde in 60% yield.16 
187 
Under typical Vilsmeier conditions (DMF/POC1 3) 5-cyano-3-
hydroxythiophene (127) was completely inactive presumably due to the 
deactivating influences of the cyano substituent. Similar reactions with 5-
cyano-1-methyl-3-hydroxypyrrole (125) and 5-phenylthio-1-methyl-1H-
pyrrol-3(2H)-one (128) were not attempted. 
(iii) 	METALLATION REACTIONS OF 3-ALKOXYPYRROLES 
WITH ORGANOLITHIUM COMPOUNDS 
It is well established that the parent pyrrole and thiophene 
heterocycles may be metallated by organolithium derivatives. 153-156 In the 
special 	case of 	N-unsubstituted 	pyrroles lithiation occurs at 	the 
1-position, 153' 154 however 	with 	N-substituted systems, and in 	other 
5-membered heterocycles, metallation invariably occurs at a position 
adjacent to the heteroatom ie. the 2-position and/or the 5-position. This may 
be explained in terms of the inductive effect of the hetero-atom together with 
its ability to coordinate with the metallating agent (Scheme 68). 156 With 
thiophene systems d-orbital participation is also invoked, and indeed is 
believed to be a crucial factor in the increased reactivity of thiophene. 
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In contrast to thiophene the metallation of 1-methylpyrrole by 
alkyllithium reagents is more difficult, commonly requiring the addition of 
complexing agents such as tetramethylethylenediamine (TMEDA) to obtain 
respectable yields. 154'156  For this reason early research involving me 
lithiation of these heterocycles centred around thiophene, where the effects 
of substituents on regioselectivity and reactivity were extensively 
studied.1556 
3-Alkoxythiophenes, not unexpectedly, metallate exclusively in 
the 2-position. 154-1-96,157 This process is even more facile than with the parent 
heterocycle, presumably due to added assistance from the ortho directing 
alkoxy moiety, where the oxygen lone pairs are also available for 
coordination to the organolithium reagent. The analogous reactions with 
3-alkoxypyrroles are unknown, which is more of a reflection on their 
availability rather than their reactivity. However by similar considerations 
to those associated with the 3-alkoxythiophene system it is reasonable to 
assume that metallation would occur in the 2-position. The following section 
explores this process, describing the novel reactions of 3-alkoxypyrroles with 
n-butyllithium to give lithiated derivatives which subsequently facilitate the 
introduction of electron-withdrawing or electron-donating moieties into the 
ring. 
3-Methoxy-1-phenylpyrrole (171) 94 is lithiated by n-butyllithium 
(in tetrahydrofuran (THF) at room temperature) to give the expected 
2-metallated species in high yield. The process is virtually instantaneous 
and the regiochemistry was confirmed by subsequent reactions with 
dimethylformamide (DMF), dimethyl disulfide and diphenyl disulfide 
which gave a series of 2-substituted products. Although there is the distinct 
possibility of the formation of a dilithio pyrrole derivative' 53 '158 [see later, 
Section (iii) (a)J no such process was observed, even with a two fold excess of 
n-butyllithium. 
The reaction of the lithiated species with DMF proceeded to give 
3-methoxy-1-phenylpyrrol-2-carbaldehYde (197) in 70% yield. Confirmation 
of the structure as the 2-substituted derivative was possible on the basis of its 
1H NMR spectrum and on associated NOE experiments which are 
summarised in Figure 35. In a similar way, quenching of the 2-lithiopyrrole 
190 
with dimethyl disulfide gave 3-methoxy-1-phenyl-2-methylthiopyrrole (198) 
in 76% yield. Although a little starting material was also obtained, it was 
readily removed by column chromatography. 
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By contrast the analogous reaction involving quenching with 
diphenyl disulfide proved a little surprising. Treatment of the 
3-methoxypyrrole (171) with one equivalent of n-butyllithium and 
subsequent addition of the disulfide produced only a partial conversion to 
the product. However with two equivalents of n-butyllithium, and an excess 
of the disulfide, a mixture of products was obtained in a ratio of 3:1 
(estimated by 'H NMR spectroscopy), but attempts to separate the mixture 
by column chromatography and kugelrohr distillation were unsuccessful. 
Both components possess virtually identical sets of doublets and also distinct 
methoxy signals 15H 6.98 (j 3.4 Hz), 6.22 (f 3.4 Hz), and 3.90: 8H 6.88 (J 3.3 
Hz), 6.22 (j 3.3 Hz), and 3.91] in the 'H NMR spectrum. In addition the 
aromatic 'benzene-like' region is complex and integrates higher than 
expected. However the mass spectrum shows a molecular ion (m/z 281) as 
expected for 3-methoxy-1-phenyl-2-pheflylthiOPyrrOle (199) and in light of 
191 
previous results it seems reasonable to assume that this is the major 
component. 
The identity of the second component is not known at this stage 
but it is possible that a metallation process on the 2-phenylthio product (199) 
may occur with the excess of n-butyllithium. Clearly if this is the case then 
lithiation cannot take at the 4- and 5-positions, since they remain virtually 
unchanged in the minor component of the 1H NMR spectrum, hence reaction 
must occur at one of the phenyl moieties. Consequently, quenching with the 
disulfide would incorporate a further aromatic group into the system which 
would explain the high integration evident in the 'H NMR spectrum. 
Obviously such a process would be disfavoured on steric grounds however 
it has been shown that lithiation of N-phenylpyrrole with an excess of 
n-butyllithium followed by the reaction with carbon dioxide gave the 
expected 2-carboxylic acid but also the cyclic ketone (200) arising from 
dimetallation in the 2- and 2'-positions. 153 
OMe 	 /\ 
C/ :\ SPh 	 0 
199 	 200 
The analogous series of reactions with 3-methoxy-1-methyl-5-
phenyithiopyrrole (157) was interesting since there is the possibility of 
competition for the site of metallation either between the two ortho directing 
substituents (4-position) or between the hetero-atom and the ortho directing 
methoxy substituent (2-position). However in practice lithiation occurs 
192 
regiospecifically in the 2-position which emphasises the importance of the 
effects from the hetero-atom. Subsequent reactions with DMF produced the 
corresponding aldehyde 201 in 78% yield, which was assigned by virtue of 










Under the same conditions (1 equiv. n-BuLi/THF/R.T.) the 
reaction with dimethyl disulfide gave a 3:2 mixture of starting material to 
product (determined on the basis of 1H NMR integrals). The reaction was 
not optimised nor was the 2-substituted product fully isolated or 
characterised. 
Surprisingly the reaction of the 2-lithio-3-methoxypyrrole 
derivatives with crushed carbon dioxide pellets repeatedly failed to give the 
corresponding acid. This was initially unexpected since reactions of this 
type are virtually universal for organolithium compounds, so much so that 
they are widely used to characterise them. 156 Since there is no doubt of the 
formation of the 2-metallated species then it would appear that either the 
crushed pellets were of poor quality or that the 2-carboxylic acid, which was 
created, rapidly decarboxylated in work-up to regenerate the starting 
material. The latter seems the more likely since the analogous reaction 
193 
involving 3-methoxythiophene gave an almost quantitative mixture of the 
2-carboxylic acid and the 2,5-dicarboxylic acid. 159 Furthermore 
decarboxylation of 3-alkoxypyrrole-2-carboxylic acids has been reported 
with simple heating36'160 or by treatment with acid. 5"61 Decarboxylation with 
acid may be envisaged as initial protonation at the 2-position followed by 
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(a) The 1H NMR and 13C NMR spectra of 2-substituted-3-methoxypyrroles 
The 'H NMR and 13C NMR parameters associated with the 
2-substituted-3-methoxypyrrole derivatives prepared via a metallation 
strategy are shown in Tables 54 and 55. Also provided for comparison are 
the spectral details from closely related systems. 
Clearly the introduction of a powerful conjugating 
electron-withdrawing aldehyde moiety into the 2-position has large 
deshielding effects at the 3- and 5-positions while the 4-position remains 
relatively unchanged. The effect is most pronounced in the '3C spectrum of 
197 where C-3 is deshielded by Ca. 10 p.p.m. and C-5 by Ca. 15 p.p.m. with 
respect to the 2-unsubstituted N-t-butyl (164) or N-phenyl (171) derivative. 
Similar effects are observed in the 'H NMR spectrum with 5-H found at a 
TABLE 54 





R1 	R2 	R4 	R5 	2-H 	4-H 	5-H 	3j, 	 Ref 
197 Ph CHO H H 5.98 6.86 	3.1 
198 Ph SMe H H 6.06 6.79 3.2 
201 Me CHO H SPh 6.00 
162 Me H H H 6.18 	5.80 6.35 	 144 
171 Ph H H H 6.73 6.14 6.95 87 
202 H CHO H H 5.80 6.85 	 162 
157 Me H H SPh 6.47 	6.23 
41- 
TABLE 55 




R' 	R2 	R4 	R5 	C-2 	C-3 	C-4 	C-5 	Ref 
197 Ph CHO H H 117.63 159.32 95.26 129.45 
198 Ph SMe H H 119.34 152.36 96.10 121.64 
201 Me CHO H SPh 120.27 157.97 100.95 134.62 
164 'Bu H H H 99.76 148.36 95.80 115.04 	87 
171 Ph H H H 100.86 150.83 100.32 116.99 87 
202 H CHO H H 118.95 159.14 95.40 127.23 	162 
157 Me H H SPh 106.53 147.70 108.71 138.75 
U' 
196 
higher frequency than that of the corresponding N-methyl compound 162. It 
should be noted that the deshielding anisotropic effect caused by the N-
phenyl group, which is evident in the 2-urisubstituted derivative (171), is not 
a factor in the 2-substituted case since the substituent destroys the necessary 
coplanarity of the pyrrole and phenyl rings. Interestingly the data for the N-
phenyl-2-aldehyde derivative (197) compares remarkably well with the N-
unsubstituted case (202). Similar deshielding effects for the 5-phenylthio-2-
carbaldehyde derivative (201) are not as obvious, however the 13C NMR 
spectrum shows a marked deshielding of the C-3 signal in comparison with 
the 2-unsubstituted compound 157. 
In contrast to the 2-aldehyde series the effects of the methylthio 
substituent was somewhat of a surprise. It was originally believed that this 
substituent would behave as a weak electron-donating group due to 
conjugative effects from the sulfur lone pair. Indeed the 13C substituent 
parameters for mono-substituted benzenes which are denoted in 
Figure 37163 and the mesomeric substituent constant ( a measure of the 
conjugative power of a substituent ) (SMe: a -0.25; cf. CHO: 0.24, 
NH2: 0.47) 138 tend to support this view. However in reality the reverse is 
true and the 2-substituent appears to behave as an electron-withdrawing 
group with consequent deshielding at the 3- and 5-positions. The proton 
spectrum is particularly surprising and shows a net deshielding of 5-H 
comparable to that caused by the aldehyde, whereas the effects at the 3- and 
5-positions in the 13C NMR spectrum are approximately intermediate 
between those from the N-phenyl-2-aldehyde (197) and N-t-butyl (164) 
derivatives. 
197 
R 	 R c-i 0 M p 
CHO +8.6 +1.3 -i-0.6 +5.5 
Me +8.9 +0.7 -0.1 -2.9 
SMe +10.2 -1.8 +0.4 -3.6 
NH2 +18.0 -13.3 +0.9 -9.8 
Figure 37 
(b) Reactions of 2-substituted-3-methoxypyrrOleS 
Further metallation reactions of the 2-substituted heterocycles, 3-
methoxy-2-methylthio-1-phenylpYrrOle (198) and 3-methoxy-2-methyl-1-
phenylpyrrole94  (203) were attempted under normal room temperature 
conditions with n-butyllithium. It has been found with the thiophene series 
that, in a similar situation, metallation occurs exclusively at the 5-position, 
which would imply that the directing influence of the hetero-atom far 
outweighs that of the substituent. 45 However the pyrrole ring system does 
not exhibit the same reactivity since subsequent quenching with DMF 
resulted in the quantitative recovery of starting material. 
It is known that 3-alkoxypyrroles react with electrophiles in a 
similar manner to 3-hydroxypyrroles to give 2-substituted products [see 
Section C (ii) (a)]. 145  In the situation where the reactive 2-position is blocked 
by substitution then such reactions are commonly diverted to the 5-position, 
however due to the decreased reactivity of this position reactions of this type 
are generally much slower. 145  Nevertheless treatment of a number of 
2-substituted-3-methoxypyrroles with 5-methoxymethylene Meldrum's acid 
(72) (MMMA) (mild C-electrophile) typically gives highly crystalline 
products in good yields. 145 In light of these results it was expected that the 
2-methylthio-1-phenyl derivative (198) would react with MMMA to give the 
5-'Meldrumsated' product (204). In fact this was not the case and indeed no 
reaction was observed even after prolonged heating. Confirmation of this 
result was obtained by a competitive experiment which contrasted the 
reactivities of the 2-methylthio (198) and 2-methyl (203)94 derivatives with 
MMMA. Equimolar amounts of the two methoxypyrroles were reacted with 
one equivalent of MMMA in [2H]3 acetonitrile and the reaction progress 
monitored by 'H NMR spectroscopy. After 24 h it was evident that the 
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Clearly since all other factors are equal, the difference in reactivity 
of the two methoxypyrroles must be attributed to substituent effects exerted 
by the methyl and methylthio moieties. It is well established that methyl, or 
alkyl substituents in general, have weak electron-donating characteristics by 
virtue of their polar effects. Such effects have been quantified and have been 
represented by 'polar substituent constants' (01) [a1 (Me): -0.011 
( a negative sign indicates electron-donating whereas a positive sign 
indicates electron-withdrawing effects ).138  By contrast the SMe substituent 
has an opposite polar effect which is approximately equal to that of an 
alkoxy moiety (SMe: a 1 0.30; OMe: a 0.30). 138 However in addition to these 
polar effects, SMe may also transfer charge to the ring via conjugation of the 
lone pair with the aromatic it system. This is known as the 'mesomeric effect' 
and is denoted by the 'mesomeric substituent constant' (ag) (SMe: 
a -0.25; OMe: a 0.43). 138  The net effect of SMe is therefore a combination 
of the polar and mesomeric effects. 
Since the reaction of MMMA with the 2-methylthio derivative 
(198) proved unsuccessful even at elevated temperatures then it must be 
assumed that the 5-position is in some way deactivated to electrophilic 
substitution. Indeed this is evident in the 1H NMR and 13C NMR spectra 
where the 5-position is significantly deshielded indicating a withdrawal of 
electron density. Clearly the SMe moiety is behaving as an electron-
withdrawing substituent which is consistent with the previously described 
polar effects. It may be that the orientation of the molecule is such that the 
sulfur orbitals are twisted out of the plane of the aromatic it system, 
preventing overlap, and reducing the mesomeric contributions. This would 
allow the polar effects to dominate and may, in part, account for the decrease 
in reactivity at the 5-position. 
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THE PREPARATION AND PYROLYSIS OF 
5-F1-(4-METHOXY-2-OXO-3-PYRROLINYL)1METHYLENE 
-2,2-DIMETHYL-1,3-DIOXANE-4,6-DIONE 
Preparation of the title compound (206) was found to be a 
remarkably facile process, whereby 5-methoxymethylene Meidrum's acid 
(72) was reacted with 4-methoxy-3-pyrrolin-2-one (207) under mild 
conditions (acetonitrile/R.T./48 h) to give 206 in high yield (90%). The very 
success of such a reaction is particularly surprising since amides are typically 
poor nucleophiles. Indeed recent investigations 164 of the reactivity of 
5-methoxymethylene Meidrum's acid with other amides, namely 208 and 
209, have so far failed to give similar Meidrum's acid type derivatives. It 
therefore seems that this reaction is an exception to normal amide behaviour. 
0 
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H 
208 
Me 0 0 
OMe 
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209 
The 'abnormal behaviour' may be rationalised in terms of 
conjugative effects of the methoxy substituent which 'feeds' electrons to the 
carbonyl, hence reducing the electron-withdrawal effect on the nitrogen 
atom and thus liberating the lone pair for nucleophilic displacement 
reactions. At present work is being undertaken to develop open chain 
analogues which might have similar properties. 
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The Meidrum's acid derivative was confirmed as 206 by 1H and 
13
C NMR spectroscopy and also by X-ray crystal structure analysis. The 
solid state structure of 206 is illustrated in Figure 38 together with the 
crystallographic numbering system.* The relevant bond lengths, bond 
angles and torsion angles are given in Tables 56-58. 
In a similar way to other 5-aminomethylene Meidrum's acid 
derivatives (see Section A), the central C(6)=C(11) bond is significantly 
longer [1.380(7)] than normal ethylene bonds. Since there is virtually no 
twist about the C(6)=C(11) bond (1.7°), then presumably this effect is caused 
.purely by push-pull type conjugation (Scheme 71) which is characteristic for 
the 5-aminomethylene series. 
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Scheme 71 
However since the nitrogen atom lone pair is shared between the 
methylene Meidrum's acid subunit and the adjacent carbonyl [C(2)=0(2)] 
then one would expect these effects to be rather limited in comparison with 
the 5-aminomethylene derivatives. Indeed this is demonstrated by the 
* N.B. Crystallographic numbering system differs for 206 in comparison with other 





Bond lengths (A) 
N(l)-C(2) 1.436 (7) N(l)-C(5) 1.448 (8) 
N(l)-C(6) 1.339 (7) C(2)-0(2) 1.218 (8) 
C(2)-C(3) 1.430 (7) C(3)-C(4) 1.316 (9) 
C(4)-0(4) 1.337 (7) C(4)-C(5) 1.514 (5) 
0(4)-C(4M) 1.479 (7) C(6)-C(11) 1.380 (7) 
0(7)-C(8) 1.423 (7) 0(7)-C(12) 1.374 (6) 
C(8)-C(8A) 1.505 (10) C(8)-C(8B) 1.498 (8) 
C(8)-0(9) 1.437 (7) 0(9)-C(10) 1.390 (7) 
C(10)-0(10) 1.191 (8) C(10)-C(11) 1.471  
C(11)-C(12) 1.454  C(12)-0(12) 1.216 (7) 
TABLE 57 
Bond angles (°) 
C(2)-N(l)-C(5) 109.5(4) C(2)-N(1)-C(6) 118.2(5) 
C(5)-N(l)-C(6) 132.0(5) N(l)-C(2)-0(2) 121.6(5) 
N(l)-C(2)-C(3) 108.0(5) 0(2)-C(2)-C(3) 130.4(5) 
C(2)-C(3)-C(4) 108.4(4) C(3)-C(4)-0(4) 133.1(3) 
C(3)-C(4)-C(5) 112.9(4) 0(4)-C(4)-C(5) 113.9(5) 
C(4)-0(4)-C(4M) 114.0(4) N(1)-C(5)-C(4) 101.3(5) 
N(l)-C(6)-C(11) 134.6(6) C(8)-0(7)-C(12) 118.4(5) 
0(7)-C(8)-C(8A) 110.2(5) 0(7)-C(8)-C(8B) 107.2(5) 
C(8A)-C(8)-C(8B) 113.0(5) 0(7)-C(8)-0(9) 109.6(5) 
C(8A)-C(8)-0(9) 110.8(5) C(8B)-C(8)-0(9) 105.9(5) 
C(8)-0(9)-C(10) 118.2(4) 0(9)-C(10)-0(10) 118.5(5) 
0(9)-C(10)-C(11) 114.7(5) 0(10)-C(10)-C(11) 126.5(5) 
C(6)-C(11)-C(10) 113.1(5) C(6)-C(11)-C(12) 127.0(5) 
C(10)-C(11)-C(12) 119.9(4) 0(7)-C(12)-C(11) 116.1(4) 




C5 Ni C2 02 178.4 
C5 Ni C2 C3 -0.9 
C6 Ni C2 02 4.0 
C6 Ni C2 C3 -175.3 
Ni C2 C3 C4 0.4 
02 C2 C3 C4 -178.8 
C2 C3 C4 04 178.3 
C2 C3 C4 C5 0.3 
TABLE 58 	C3 C4 04 C4M -0.3 
C5 C4 04 C4M 177.7 
C2 Ni C5 C4 1.0 
C6 Ni C5 C4 174.3 
C3 C4 C5 Ni -0.8 
04 C4 C5 Ni -179.2 
C2 Ni C6 Cii 178.6 
C5 Ni C6 Cii 5.7 
C12 07 C8 C8A -71.3 
C12 07 C8 C8B 165.4 
C12 07 C8 09 50.9 
07 C8 09 CIO -51.6 
C8A C8 09 CIO 70.2 
C8B C8 09 CIO -167.0 
C8 09 CIO 010 -164.4 
C8 09 CIO Cii 21.2 
Ni C6 Cii CIO 179.9 
Ni C6 Cli C12 -3.4 
09 CiO Cii C6 -171.0 
09 ClO Cii C12 12.0 
010 dO Cii C6 15.1 
010 ClO Cli C12 -161.9 
C8 07 C12 Cii -20.0 
C8 07 C12 012 163.1 
C6 Cii C12 07 170.6 
C6 Cli C12 012 -12.8 
dO Cii C12 07 -12.8 
dO Cli C12 012 163.7 
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length of the C(6)-N(1) bond which is significantly longer than in the 
5-dimethylaminomethylene compound. 115  [1.307(4) 115; 206: 1.339(7)]. 
Nevertheless it is clear that contributions from 210 and 211 cause a 
significant lengthening in the C(6)-C(11) and C(12)-0(12) bonds together 
with a corresponding shortening in the C(6)-N(1) and C(11)-C(12) bonds 
with respect to model compounds and literature bond lengths previously 
employed in Section A. Furthermore the N(1)-C(2) bond [1.436(7)] is much 
longer than analogous C-N bonds in other amides 122 thereby suggesting a 
lesser degree of amide delocalisation. This is clearly consistent with the 
push-pull effects depicted in (Scheme 71) which would serve to decrease 
interactions of the nitrogen atom lone pair with the amide carbonyl 
[C(2)=0(2)]. 
Pyrolysis of the Meldrum's acid derivative (206) was found to be 
highly temperature dependent. At lower furnace temperatures of 550-575°C 
a yellow solid was produced together with a little starting material, however 
as the furnace temperature was increased to 650-700°C the formation of a 
second product was also observed. Isolation of the yellow product was 
achieved following pyrolysis at 565°C and subsequent analysis by 'H and 
13C NMR spectroscopy, mass spectrometry and CHN techniques proved that 
the product was 7-hydroxy-1-methoxypyrrolizin-3-one (212) obtained in 33% 
yield (not optimised). No evidence for the existence of the keto tautomer 
(213) was found, presumably because the enol form is stabilised by 
















The 'H NMR data of the product 212, shown in Figure 39, 
compares well with that of other pyrrolizin-3-ones (e.g. Figures 40165  and 
41 166) and shows the characteristic six-bond coupling (6126 0.9 Hz) which is 
entirely consistent with that observed in the parent compound Figure 40. 
Clearly the 1-methoxy substituent causes significant shielding at 2-H (but not 
as much as the NMe2  substituent) with respect to pyrrolizin-3-one. 
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Figure 40 
Figure 41 
Interestingly a wide range of substituted pyrrolizin-3-ones has 
been previously prepared by PVT techniques, 167"68 however the inclusion of 
7-hydroxy and 1-methoxy substituents are unreported since pyrolyses of the 
required precursors give rise to competitive processes. 145 
At higher temperatures (650°C) the pyrolysis of 206 gave a 
mixture containing two major components which fortunately were 
207 
sufficiently far apart in the product trap to allow crude separation (see 
Experimental). Subsequent analysis of the more volatile component, ie. the 
product deposited nearest the 'U-bend', proved that it was in fact the same 
pyrrolizin-3-one (212) which had been prepared at lower temperatures. The 
mass spectrum of the remaining component possessed an identical molecular 
ion peak (in/z 165) to 212 but yet showed significant differences in the 'H 
NMR and '3C NMR spectra. It was clear that pyrolysis at the higher furnace 
temperature had formed an isomeric mixture. 
Identification of the less volatile product was made on the basis of 
its 'H NMR spectrum and related 'H-'H decoupling and NOE experiments. 
As mentioned before the spectrum showed marked differences from that of 
the pyrrolizin-3-one (212) and contained two unresolved one proton 
multiplets at H  7.16(1H, m) and 6.11(1H, m) along with two singlets at 8H 
5.36(1H, s) and 4.00(3H, s), and a broad signal at oH  10.88(1H, br s). 
Subsequent irradiations at 8 H 7.16 and 0H  6.11 reduced the signals at 8 H 6.11 
and 0H  7.16 respectively to doublets while irradiation of the broad signal at 
0H 10.88 caused a collapse in both the multiplets at 0H  7.16 and 6.11 to give a 
pair of doublets. These effects are consistent with N-unsubstituted-3-
hydroxypyrrole systems in which the NH proton gives rise to small 
couplings to the protons in the a- and 13-positions (2.0-3.0 Hz). 8,84  
Furthermore, NOE experiments in which the signals at 0H  10.88, 7.16, and 
6.11 were sequentially irradiated, produced enhancements at 8 H 7.16 (3%), 
6.11 (3%) and 7.16(2%) respectively, clearly supporting the NH(1)-CH(3) 
pyrrole subunit. 
With regard to the remaining singlets at 0H  5.36 and 0H  4.00, NOE 
experiments showed that irradiation at 0H  5.36 and 4.00 gave enhancements 
of 1% and 11% at 0H  4.00 and 5.36 respectively which established the 
proximity of these two groups. 
Taken collectively these results are highly indicative of formation 
of 7-methoxypyrano[3,2-b]pyrrol-5(2H)one (214) and indeed assignment of 
the 'H NMR chemical shifts, shown in Figure 42, compare well with those 
from the related 1-phenyl compound (Figure 43)145  with the exception of 6-H 
which is obviously shielded by the methoxy moiety. 
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By inspection of the pyrrolizin-3-one structure (212) it is clear that 
it may be considered analogous to that of a 1,2-disubstituted-3-
hydroxypyrrole. As such, it is then reasonable to assume that pyrolysis of 
the Meidrum's acid derivative 206 proceeds via the usual fragmentation of 
the Meidrum's ring to give the methyleneketene intermediate (215) which 
subsequently undergoes [1,4] hydrogen-shift and electrocyclisation processes 
to give the '1,2-disubstituted-hydroxypyrrOle' (213) (Scheme 72A). Finally 
the 'pyrrolone' tautomerises to 7-hydroxy-1-methoxypyrrolizin-3-one (212) 
which is the more stable tautomer by virtue of resonance stabilisation. 
The mechanism of formation of the pyranopyrrole is speculative 
at the present time but it seems likely that the product is formed by a 
rearrangement of the pyrrolizin-3-one. Such a process is proposed in 
Scheme 72B in which the initial step involving an electrocyclic ring opening 
of the C(3)-N(4) bond gives the ketene 216. Subsequent tautomerism and 
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isomerisation of the ketene (216) may then generate 217 which can undergo 
electrocyclisation to the pyranopyrrole 214. 
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NMR nuclear magnetic resonance 
oH, OC chemical shift 
P.P.M. parts per million 
FAB fast atom bombardment mass spectrometry 
GC/MS gas chromatography-mass spectrometry 
UV ultra-violet 
T.1.c. thin-layer chromatography 




FVP flash vacuum pyrolysis 
Tf furnace temperature 
T1 inlet temperature 
P pressure 
t sublimation time 




S 	 singlet 
213 
d doublet 
dd doublet of doublets 
t triplet 
q quartet (1H spectra) 
quaternary (' 3C spectra) 
m multiplet 
br broad 
J coupling constant 
M.P. melting point 
b.p. boiling point 
m/z mass to charge ratio 




INSTRUMENTATION AND GENERAL TECHNIQUES 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
'H NMR spectra were recorded on Bruker WF1360 (360 MHz), 
or WP200 (200 MHz) spectrometers. 13C NMR spectra were obtained from 
Bruker WH360 (90 MHz) or WP200 (50 MHz) instruments. 
The WH360 was operated by Dr. D. Reed and Miss H. Grant, 
the WP200 by Mr. J. R. A. Millar, Miss H. Grant and Dr. H. McNab. 
Spectra were recorded in [2H] chloroform, unless otherwise 
stated. Chemical shifts (H  and ) are quoted in p.p.m., relative to 
tetramethylsilane, and all coupling constants are given in Hertz (Hz). 
MASS SPECTROMETRY 
Low resolution electron impact mass spectra were recorded by 
Miss E. Stevenson on an A.E.I. MS902 instrument. High resolution and FAB 
mass spectra were obtained from a Kratos MS50 TC instrument operated by 
Mr. A. Taylor. CC/MS was performed by Miss E. Stevenson on a V.C. 
Micromass 12F spectrometer, coupled with a Pye 104 gas chromatograph. 
All spectra were obtained by electron impact instruments 
unless otherwise stated. 
ULTRA-VIOLET SPECTROSCOPY 
UV spectra were obtained using a Shimadzu UV-160A UV-Vis 
recording spectrophotometer, the solvent used in each case is indicated. 
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ELEMENTAL ANALYSIS 
Microanalyses were carried out on a Perkin Elmer 240 CHN 
Elemental Analyser by Mrs. E. McDougall and Mrs. L. Eades. 
STRUCTURE DETERMINATION 
X-ray crystal structure data were obtained and solved by 
Dr. A. J. Blake on a Stoë STADI-4 four circle diffractometer, with graphite 
monochromatOr. 
CHROMATOGRAPHY 
Thin-layer chromatography (T.l.c.) was carried out on pre- 
coated aluminium sheets (0.2 mm silica gel, Merck, grade 60) impregnated 
with a UV indicator. 
Dry flash chromatography was carried out on silica gel (Merck, 
grade 60, 230-400 mesh, 60 A) by the method of Harwood. 169  The crude 
materials were generally preabsorbed onto silica gel and then loaded onto 
the column. Ethyl acetate and n-hexane were frequently used as the solvent 
system with 10% increments in the polar component every two or three 
fractions. 
Qualitative gas-liquid chromatography was carried out on a 
Philips PU4500 instrument. The stationary phase was 5% Carbowax, 
supported on Gas-Chrom (80-100 mesh) and packed in a 1.5 m x 4.5 mm 
column. Nitrogen was used as the carrier gas and the instrument was fitted 
with a flame ionisation detector. 
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(vii) SOLVENTS 
Ethyl acetate and n-hexane were distilled through a rotary 
evaporator for the purpose of chromatography. THF and ether were both 
dried by distillation from sodium using benzophenone as an indicator. 
Chloroform was purified by washing repeatedly with water, the solvent was 
then dried with anhydrous potassium carbonate and finally distilled from 
phosphorus pentoxide. DMF was distilled over activated alumina using a 
splash head adaptor connected to a rotary evaporator; it was stored, under 
nitrogen, over molecular sieve. Other commercially available solvents were 
dried over molecular sieve or used without further purification. 
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ffi FLASH VACUUM PYROLYSIS 
The technique of FVP involves the exposure of gaseous 
molecules to high temperatures for very short periods of time, typically 
10-2-10-3  seconds. The apparatus used in such experiments is illustrated in 
Figure 44, and is based on the design of W. D. Crow of the Australian 
National University. In principle the substrate is distilled or sublimed 
through an electrically heated tube which is connected to a cold trap and 
vacuum line. 
Volatilization of the substrate at temperatures lower than 200°C 
was achieved by a glass Büchi drying oven while temperatures greater than 
200°C required a metal Kugelrohr oven. The volatilised substrate was then 
drawn through a silica tube (30 x 2.5 cm) which was heated by a Stanton 
Redcroft laboratory tube furnace. The temperature within the furnace was 
monitored and controlled by a platinum/platinum 13% rhodium 
thermocouple. On exiting the furnace the product(s) were collected in a trap 
cooled by a liquid nitrogen bath. For small scale pyrolyses (up to ig of 
starting material) the 'U-shaped' trap (Figure 44) suffices, however with 
larger scale pyrolyses this trap was replaced with a larger 'finger trap' 
(Figure 45) in order to avoid blockages. 
Vacuum was maintained, typically at 10 2-10-3 Torr by an 
Edwards Model ED100 high capacity oil pump. However, for less volatile 
substrates or for substrates which show substantial inlet decomposition, a 
mercury diffusion pump was connected in series with the rotary pump to 
give pressures of 10-10 Torr, Figure 46. The lower vacuum has the 
advantages of lowering the required volatilization temperature and 
shortening the contact time in the hot zone of the furnace, both leading to 
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better quality product(s) in generally better yields. For larger scale 
pyrolyses, with longer pyrolysis timescales, the mercury diffusion pump 
was virtually essential to give minimal decomposition in the inlet. 
The product(s) formed were normally sufficiently pure that 
they could be either scraped from the trap for analysis or washed through 
with a suitable solvent. For small scale pyrolyses 50-100 mg the solvent of 
choice was frequently [2H] chloroform enabling immediate examination by 
NMR spectroscopy. 
Standard pyrolysis parameters used throughout this section 
are: furnace temperature (T f), inlet temperature (T), pressure (P), and 
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PREPARATION OF 5-CYANOMETHYLENE-2,2- 
DIMETHYL-1,3-DIOXANE-4,6-DIONE DERIVATIVES 
5-( 1-Cyano-1-methylthio)methylene-2,2-dimethYl-1,3diOXafle4,6 
dione (76).- To a stirred solution of 5-(bismethylthiomethylene) Meldrum's 
acid (37)106 (7.44 g, 0.03 mol) in DMSO (60 ml) was added a solution of 
sodium cyanide (5.88 g, 0.12 mol) dissolved in the minimum amount of 
water (-15 ml). The mixture was left to stir at room temperature for 10 mm. 
Water (150 ml) was then added followed by the carefri addition of 
concentrated hydrochloric acid (35%, 100 ml) with cooling (ice bath). The 
resultant suspension was then extracted with methylene chloride (4 x 30 ml) 
and the combined organic fractions were washed with water (100 ml) and 
dried (MgSO4). Finally the solvent was removed by a rotary evaporator to 
give the crude product in 79% yield. The 5-(1-cyano-1-inethylthio) derivative 
was further purified by washing with a small amount of isopropyl alcohol 
(4.58 g, 67%), m.p. 171-172°C (from ethanol) (Found: C, 47.55; H, 4.0; N, 6.0. 
C9H9NO4S requires C, 47.6; H, 3.95; N, 6.15%); 8H 2.79(3H, s), and 1.74(6H, 
s); 8c  160.09(q), 157.38(q), 148.80(q), 115.90(q), 110.04(q), 105.51(q), 27.47, and 
19.51; m/z 227(M, 7%), 169(10), 85(33), 78(19), 70(6), 45(12), and 43(100). 
5[1(NBenzyl-N-methylamiflO)-1-CYaflO]1flethYlefle2,2dimethYl 
1,3-dioxane-4,6-dione (78).- To a stirred solution of 5-(1-cyano-1-
methylthio)methylene Meldrum's acid (76) (0.68 g, 3 mmol) in acetonitrile 
(15 ml) was added benzylmethylamine (0.39 ml, 3 mmol). The mixture was 
allowed to stir at room temperature for 20 h, and then the solvent was 
removed under reduced pressure to yield a red gum. Trituration with a 
minimum amount of ethanol yielded the 5-(1-(N-benzyl-N-methylamino)-1-
cyano] derivative which was filtered, washed with cyclohexane, and dried 
(0.9 g, 100%), m.p. 134-136°C (from ethanol) (Found: C, 64.1; H, 5.45; N, 9.4. 
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C16H16N204  requires C, 64.0; H, 5.35; N, 9.35%); 8H 7.47-7.32(5H, m), 5.02(2H, 
br s), 3.20(3H, br s), and 1.68(6H, br s); 8 C  142.33(q), 132.21(q), 129.35, 129.21, 
127.88, 111.72(q), 103.58(q), 90.27(q), 61.59(br), 44.37(br), and 26.73 
(quaternary (s) signal missing); m/z 242(M-58, 20%), 213(10), 156(15), 
120(10), 91(100), and 44(7). 
5-( 1-Cyano-1 -N,N-dimethylamino)methylene-2,2-dimethyl-1,3-
dioxane-4,6-dione (77).- To a stirred solution of 5-(1-cyano-1-
methylthio)methylene Meidrum's acid (76) (0.68 g, 3 mmol) in acetonitrile 
(10 ml) was added a solution of exactly one equivalent of dimethylamine in 
acetonitrile (6 ml, 2M). The mixture was left to stir at room temperature for 
20 h and then the solvent was removed under reduced pressure to give the 
5-(1-cyano-1-N,N-dimethylalflinO) derivative which was washed with isopropyl 
alcohol and dried (0.58 g, 86%), m.p. 139-141°C (from ethanol) (Found: C, 
53.5; H, 5.55; N, 12.4. C 10H12N204  requires C, 53.55; H, 5.35; N, 12.5%); 8 H 
3.63(3H, br s), 3.26(3H, br s), and 1.71(6H, s); 8c 160.7(br q), 142.91(q), 
111.30(q), 103.56(q), 89.25(q), 48.01(br), 45.12(br), and 26.72; m/z 224(M, 
13%), 166(72), 122(35), 93(16), 67(14), and 43(100). 
* The solution of dimethylamine in acetonitrile was prepared by distilling dimethylamine 
from an aqueous solution through a NaOH trap and into a flask cooled by dry ice. A 
known weight of acetonitrile was then added to the distilled dimethylamine and the 
solution was reweighed enabling the molarity to be calculated. The solution was best 
prepared when required. 
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(i) 	THE REACTIONS OF 5-METHYLTHIO-AND 5-PHENYLTHIO- 
METHYLENE MELDRUM'S ACID DERIVATIVES 
WITH SODIUM CYANIDE 
Each of the title compounds were reacted with sodium cyanide 
using the following general procedure: 
To a stirred solution of the Meldrum's acid derivative 
(0.5 mmol) in DMSO (3 ml) was added a solution of sodium cyanide 
(0.098 g, 2 mmol) in a few drops of water. The mixture was allowed to stir at 
room temperature for 10 mm. Water (15 ml) and 5% hydrochloric acid 
(15 ml) were then added and the solution was extracted with methylene 
chloride (3 x 10 ml). The combined organic fractions were washed with 
water (20 ml) and then dried (MgSO 4). Evaporation of the solvent yielded a 
solid. 
The 'H NMR spectra of each of the products prepared from the 
corresponding 5-methylthio- and 5-phenylthio-methylene Meidrum's acid 
precursors were complex, particularly between the range 8H  1-3. However, 
in both cases a pair of doublets were observed [(5-methylthio):- 8H 4.34(d, 
J 8.9), and 3.87(d, 1 8.9); (5-phenylthio):- 8H 4.51(d, 1 2.5) and 4.32 (d, J 2.5)1 
which were consistent with the formation of a protonated adduct (see 
Discussion). Further analysis of each of the products by mass spectrometry 
was inconclusive. 
Analogous in situ experiments were also carried out: 
The Meidrum's acid derivative (0.1 mmol) was dissolved in [2H}6 DMSO in 
an NMR tube. To this solution was added sodium cyanide (0.0196 g, 
0.4 mmol) dissolved in a few drops of [2H} 2 water, and the progress of the 
reaction was monitored by 'C NMR spectroscopy. Following addition the 
spectrum clearly showed the formation of an adduct (see Discussion). 
PON 
PREPARATION OF 5-AMINOMETHYLENE-2,2- 
DIMETHYL-1,3-DIOXANE-4,6-DIONE DERIVATIVES 
During the course of this research project many N,N-
disubstituted 5-aminomethylene derivatives of Meidrum's acid were 
prepared. The following compound, previously isolated but formally 
unreported by Professor H. G. Viehe became the starting material for many 
of them. 
5-( lChloro-l-N,N,-dimethylamiflO)methylefle-2,2-dimethyl4,3 
dioxane-4,6-done (87)1h 1 . Meldrum's acid (14.4 g, 0.1 mol) was dissolved in 
scrupulously purified and dried chloroform (100 ml). To this solution was 
added fresh phosgene iminium chloride (20 g, 0.12 mol) and the reaction 
mixture was heated to reflux for 1.5 h, during which time there was a brief 
elution of HC1 gas. The solution was then concentrated by a rotary 
evaporator to approximately one third of the initial volume. The product 
was precipitated as a discouraging 'sticky solid' by the portionwise addition 
of dry ether (250 ml), however with prolonged scratching and vigorous 
overnight stirring the quality of the product was found to improve. The 
crude material was then filtered, washed with dry ether, and immediately 
dried under reduced pressure. The chioro derivative was sufficiently pure for 
further reactions, but decomposed on standing and was best used within a 
few weeks. The solid was sealed in a container and stored under cool 
conditions (11.21-14.94 g, 48-64%), m.p. 158°C (from benzene)** (Found: C, 
** Benzene was found to be the best solvent for recrystallisation 
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46.4; H, 5.2; N, 5.8. C 91-112C1N04 requires C, 46.25; H, 5.15; N, 6.0%), 5H 
3.42(6H, s), and 1.67(6H, s); 8 c 166.51(q), 161.02(q), 102.68(q), 83.95(q), 
46.02(br), and 26.48; m/z (FAB) 236(M-1, 17%), 234(M-1, 40), 176(100), 
142(43), 132(50), and 96(20). 
Subsequent reactions of the above compound with nitrogen, 
sulfur, and oxygen nucleophiles gave a series of related compounds. 
However it should be noted that the success of such reactions depended 
largely on the quality of the starting material. Often with poor quality 
starting material the yields decreased dramatically from the norm and work-
ups became increasingly difficulty. 
(i) WITH N-NUCLEOPHILES 
The following procedure led to the synthesis of a number of 
5-(bisamino)methylene derivatives. 
To 	a 	stirred 	solution 	of 	5-(1-chloro-1-N,N- 
dimethylamino)methylene-2,2-dimethyl-1,3-dioXafle4,6dione (87) (1 mmol) 
in acetonitrile (5 ml) was added the appropriate secondary amine (1 mmol) 
and an excess of triethylamine (3-5 mmol). The reaction mixture was 
allowed to stir at room temperature for 20 h, although for the less reactive 
amines it was necessary to lengthen the period for up to 5 days. Water (10 
ml) was then added and the mixture was acidified to remove any excess 
amine. After extraction with methylene chloride (3 x 10 ml) the combined 
organic extracts were dried (MgSO 4) and the solvent was removed under 
reduced pressure to yield the crude product. In some cases a gum was 
obtained, however trituration with a mixture of cyclohexane and ethanol 
always gave the required solid in good yield. 
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The following compounds were synthesised by this general 
procedure, in each case the amine used and reaction time is indicated. 
5-( l,l-N'-Benzyl-N'-ethoxycarbonylmethylene-N,N -
dimethyldiamino)methylene-2,2-dimethyl-1,3-diOXafle4,6diOfle (89) 
(N-benzylglycine ethyl ester, 20 h) (82%), m.p. 163°C (from ethanol/water) 
(Found: C, 61.3; H, 6.75; N, 7.0. C 20H26N206 requires C, 61.55; H, 6.65; N, 
7.2%); oH 7.45-7.31(5H, m), 4.56(2H, s), 4.11(2H, q, 3J 7.1), 3.99(2H, s), 
3.23(3H, s), 2.92(3H, s), 1.69(3H, s), 1.64(3H, s), and 1.20(3H, t, 3J 7.1); 0c 
169.70(q), 169.06(q), 163.09(q), 133.38(q), 129.10, 128.57, 128.34, 102.01(q), 
75.67(q), 61.32, 57.29, 52.83, 42.38, 41.49, 27.15, 26.10, and 13.88; m/z 314(M- 
58-18, 50%) 241(38), 201(77), 197(48), 91(100), and 69(44). 
5-(1,1-N'-Methoxycarbonylmethylene-N',N,N-
trimethyldiamino)methylene-2,2-dimethyl-1,3-diOXafle-4,6diOfle (90) (sarcosine 
methylester hydrochloride, 20 h) (70%), m.p. 134-135°C (from toluene) 
(Found: C, 52.0; H, 6.65; N, 9.3. C 13H20N206 requires C, 52.0; H, 6.65; N, 
9.35%); oH 4.10(2H, s), 3.70(3H, s), 3.17(3H, s), 3.05(3H, s), 3.04(3H, s), 
1.66(3H, s), and 1.64(3H, s); 8 c 170.19(q), 169.21(q), 163.07(q), 102.13(q), 
74.67(q), 55.27, 52.12, 42.01, 41.57, 41.14, 27.02, and 26.09; m/z 224 (M-58-18, 
30%), 183(9), 139(5), 125(7), 96(100), 69(95), 68(61), and 44(26). 
5-(1,1-N'-Phenyl-N',N,N-trimethyldiamiflO)methylefle-2,2-dimethyl 
1,3-dioxane-4,6-dione (91) (N-methylaniline, 3 days) (76%), m.p. 209-210°C 
(from toluene) (Found: C, 62.9; H, 6.75; N, 9.0. C 16H20N204 requires C, 63.15; 
H, 6.6; N, 9.2%); 0H 7.42-7.16(5H, m), 3.46(3H, br s), 3.03(3H, br s), 2.51(3H, 
br s), and 1.71(6H, br s); Oc 167.98(q), 163.09(q), 145.29(q), 129.90, 126.25, 
124.08, 102.19(q), 76.08(q), 42.51, 41.53, 26.79, and 26.53, m/z 304(M, 25%), 
228(100), 201(27), 187(10), 158(68), 130(13), 96(50), 77(38), 69(31), and 68(9). 
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5- [l,lN'(pMethoxyphenyl)-N',N,N-trifllethyldiamiflO1methYlene-
2,2-dimethyl-1,3-dioxane-4,6-diOfle (92) (N-methyl-p-anisidine, 20 h) (81%), 
m.p. 174°C (from toluene) (Found: C, 60.7; H, 6.6; N, 8.45. C 17H22N205 
requires C, 61.1; H, 6.6, N, 8.4%); 8H 7.21(2H, d, 3J  9.0), 6.89(2H, d, 3J  9.0), 
3.79(3H, s), 3.43(3H, s), 3.03(3H, s), 2.53(3H, s), 1.71(3H, s), and 1.70(3H, s); 
c 168.06(q), 163.14(q), 157.69(q), 138.31(q), 125.74, 115.00, 102.17(q), 75.76(q), 
55.36, 42.99, 42.44, 41.50, 26.87, and 26.43; m/z 334(M, 28%), 258(70), 243(36), 
217(20), 188(44), 160(37), 150(12), 121(33), 120(19), 85(100), 81(28), and 69(20). 
5- [l,lN'(p-Chlorophenyl)-N',N,N-trifllethyldiam1fl0JmethYlefle 
2,2-dimethyl-1,3-dioxane-4,6-diOfle (93) (p-chloro-N-methylaniline, 5 days) 
(65%), m.p. 160-163°C (from cyclohexane/ethanol) (Found: C, 55.9; H, 5.6; N, 
8.0. C16H19C1N204 0.25 H20 requires C, 56.0; H, 5.70; N, 8.15%) (Found: M 
340.100 and 338.103. C 16H19C1N204 requires M, 340.100, and 338.103); 5H 
7.35(2H, br d, 3J  8.4), 7.13(2H, br d, 3J  8.4), 3.43(3H, br s), 3.04(3H, br s), 
2.56(3H, br s), and 1.71(6H, br s); & 168.16(q), 163.01(q), 143.85(q), 131.66(q), 
130.06, 125.29, 102.30(q), 42.66, 42.46, 41.57, 26.78, and 26.56, (one quaternary 
missing); m/z 340(Mt 9%), 338(M, 24), 262(100), 235(17), 221(18), 192(72), 
152(28), 125(21), 96(78), 85(56), 69(29), and 68(10). 
Attempts to prepare the p-nitro analogue were unsuccessful 
presumably due to the decreased reactivity of the amine. 
5(1,1N'BenzylN',N,N-trimethyldiamiflO)tflethYlefle2,2dimethYl 
1,3-dioxane-4,6-dione 83  (88) (benzylmethylamine, 20 h) (75%), m.p. 210-211°C 
(from ethanol) (Lit., 83 206-2080C), SH 7.31-7.19(5H, m), 4.47(2H, s), 3.10(3H, 
s), 2.96(3H, s), 2.81(3H, s), 1.71(3H, s), and 1.67(3H, s); m/z 318(M, 13%), 
242(51), 201(34), 187(14), 151(30), 120(40), 91(100), 69(96), and 68(13). 
5-(1 ,1-N' ,N',N,NTetramethyldiaminO)methylefle-2,2-dimethYll,3 
dioxane-4,6-dione83  (79).- To a stirred solution of 5-(1-chloro-1 -NN- 
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dimethyl)methylene Meidrum's acid (87) (0.47 g, 2 mmol) in acetonitrile (5 
ml) was added dimethylamine (4-6 mmol). The reaction mixture was then 
allowed to stir at room temperature for 5 h. Water (10 ml) was added, and 
the mixture was acidified to remove any excess base. It was then extracted 
with methylene chloride (3 x 10 ml), and the organic extracts were dried 
(MgSO4) and evaporated to leave the diamino derivative (0.41 g, 85%), m.p. 
197-198°C (from ethanol) (Lit., 83 196-199°C); 8H  3.03(6H, s), 3.01(6H, s), and 
1.66(6H, s); m/z 242(M, 21%), 166(50), 125(13), 96(46), 69(100), and 68(35). 
(ii) WITH O-NUCLEOPHILES 
5-(1-N,N-Dimethylamino-1-methOXy)methylefle-2,2-dimethYl4,3 
dioxane-4,6-dione (94).- To a stirred suspension of 5-(1-chloro-1-N,N-
dimethylamino)methylene Meidrum's acid (87) (4.67 g, 0.02 mol) in 
methanol (60 ml) was added triethylamine (2.8 ml, 0.02 mol). The reaction 
mixture was left to stir at room temperature for 7 days. Water (60 ml) was 
then added and the mixture was acidified to remove excess amine. It was 
then extracted with methylene chloride (4 x 30 ml) and the combined organic 
extracts were dried (MgSO4). The 5-(1-N,N-dimethylamino-1-methoxy) 
derivative was isolated with removal of the solvent under reduced pressure 
(4.18 g, 91%), m.p. 163°C (from toluene) (Found: C, 52.3; H, 6.6; N, 6.05. 
C10H15N05  requires C, 52.4; H, 6.55; N, 6.1%); 8H 4.14(3H, s), 3.22(3H, s), 
3.20(3H, s), and 1.69(6H, s); 8 c  174.83(q), 162.45(q), 102.84(q), 70.01(q), 60.74, 
42.69, 38.57, and 26.36; m/z 127(M-58-44, 16%), 69(36), 44(100), 43(58), and 
42(30). 
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(iii) WITH S-NUCLEOPHILES 
5-(1 -N,N-Dimethylamino-1-phenylthio)methylene-2,2-dimethyl-1,3-
dioxane-4,6-dione (95).- To a stirred solution of 5-(1-chloro-1-N,N-
dimethylamino)methylene Meldrurn's acid (87) (4.67 g, 0.02 mol) in 
acetonitrile (40 ml) was added thiophenol ( 2.25 ml, 0.022 mol), and 
triethylamine (2.8 ml, 0.02 mol). The mixture was left to stir at room 
temperature for 4 days. Water (20 ml) was added and the mixture was 
acidified, and then extracted with methylene chloride (3 x 20 ml). The 
combined organic extracts were treated with aqueous sodium hydroxide (1 
M, 30 ml) and the aqueous layer was extracted once more with methylene 
chloride (2 x 20 ml). Finally the combined organic layers were washed with 
brine (60 ml) and dried (MgSO4). Removal of the solvent yielded the crude 
5-(1-N,N-dimethylamine-1-phenylthio) derivative (4.53 g, 74%), m.p. 167°C 
(from toluene) (Found: C, 58.5; H, 5.5; N, 4.45. C 151-117N04S requires C, 58.65; 
H, 5.55; N, 4.55%); oH 7.55-7.34(5H, m), 3.59(3H, br s), 3.40(3H, br s), 1.47(3H, 
br s) and 1.22(3H, br s); Oc  185.94(q), 161.54(q), 135.07, 130.10, 129.35, 
102.22(q), 80.38(q), 47.13, 43.80, 29.24(br), and 26.01(br) (one quaternary 
missing); m/z 249(M+-58,8%),156(35),96(100), and 72(8). 
5-(1-t-Butylthio-1-N,N-dimethylamino)methylene-2,2-dimethyl-1,3-
dioxane-4,6-dione (96).- To a stirred solution of 5-(1-chloro-1-N,N-
dimethylamino)methylene Meldrum's acid (87) (0.47 g, 2 mmol) in 
acetonitrile (10 ml) was added t-butylthiol (0.68 ml, 6 mmol) and 
triethylamine (0.84 ml, 6 mmol). The mixture was heated to reflux for 24 h 
and then allowed to cool whereupon a triethylamine salt precipitated. The 
solid was removed by filtration and the filtrate was acidified (2.5% HCl, 
20 ml). The mixture was extracted with methylene chloride (3 x 10 ml) and 
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the combined organic fractions were washed with aqueous sodium 
hydroxide solution (1 M, 20 ml); separation was difficult and required 
filtration through celite. Following further extractions with methylene 
chloride (3 x 10 ml), the combined organic fractions were dried (MgSO 4) and 
evaporated to give a red gum which yielded the t-butylthio derivative on 
trituration with isopropyl alcohol (0.06 g, 10%), (Found: M, 287.119. 
C13H21N04S requires M, 287.119); 5H  3.56(3H, s), 3.30(3H, s), 1.65(6H, s), 
and 1.42(9H, s); 8c  181.02(q), 161.71(q), 102.28(q), 82.06(q), 55.70(q), 45.97, 
44.63, 31.47, 27.50(br), and 26.26(br); m/z 287(M, 10%), 231(35), 173(100), 
156(34), 129(22), 96(29), 85(22), 69(17), 57(58), and 43(40). 
(iv) OTHER AMINOMETHYLENE COMPOUNDS 
5_(1,1-N,N'-Dimethyl-N,N'-trimethylenediamino)methylefle-2,2-
dimethyl-1,3-dioxane-4,6-dione (80).- To a stirred solution of 5-(1-cyano-1-
methylthio)methylene Meldrum's acid (76) (1.14 g, 5 mmol) in acetonitrile 
(15 ml) was added NN-dimethyl-1,3-propane diamine (0.63 ml, 5 mmol). 
The mixture was allowed to stir at room temperature for 20 h, during which 
time some of the product precipitated. The solvent was then removed under 
reduced pressure to give the diamino derivative which was washed. with 
cyclohexane and dried (0.97 g, 76%), m.p. 148°C (from ethanol) (Found: C, 
56.55; H, 7.05; N, 11.0. C 12H18N204 requires C, 56.7; H, 4.7; N, 11.0%); 0H 
3.42(4H, t, 3J 6.1), 3.15(6H, s), 2.11(2H, quintet, 3J  6.1), and 1.64(6H, s); Oc 
162.70(q), 161.94(q), 102.21(q), 70.28(q), 47.86, 41.57, 26.31, and 20.27; m/z 
254(M, 72%), 197(33), 152(57), 123(100), 96(14), and 68(16). 
5- [ 1-(4-Methoxy-2-oxo-3-pyrrolinyl)1 methylene-2,2-dimethyl-1,3-
dioxane-4,6-dione (206).- To a solution of 5-methoxymethylene-2,2-dimethyl-
1,3-dioxane-4,6-dione (72)10 4 (1.86 g, 10 mmol) in acetonitrile (10 ml) was 
added 4-methoxy-3-pyrrolin-2-one (1.13 g, 10 mmol). The mixture was 
stirred at room temperature for 48 h and the solvent then removed under 
reduced pressure. The pyrrolinyl derivative which was obtained was washed 
with cyclohexane and dried (2.41 g, 90%), m.p. 211°C (from ethanol) (Found: 
C, 54.15; H, 5.0; N, 5.3. C12H13N06 requires C, 53.95; H, 4.85; N, 5.25%); 8H 
8.86(1H, s), 5.30(1H, s), 4.78(2H, s), 3.96(3H, s), and 1.72(6H, s); öc  179.22(q), 
169.44(q), 164.04(q), 160.17(q), 145.95, 103.81(q), 91.68, 59.26, 52.34, and 26.93; 
m/z 210(M-57, 100%), 202(78), 158(22), 132(20), 117(8), 96(32), 82(7), 69(31), 
54(16), 41(37), and 38(15). 
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ff THE PREPARATION OF 3-HYDROXY AND 3-ALKOXY 
PYRROLES AND THIOPHENES 
(1) 3-HYDROXYPYRROLES AND 3-HYDROXYTHIOPHENES 
FVP of 5-aminomethylene-2,2-dimethyl-1,3-dioxane-4,6-dione 
derivatives yields a range of 3-hydroxypyrroles (1H-pyrrol-3(2H)- 
ones). 16,105,126-130 Similarly pyrolysis of the 5-thiomethylene analogues give 
3-hydroxythiophenes (thiophen-3(2H)-ones) •16,65,66,67 
The appropriate methylene Meldrum's acid derivative was 
sublimed, under vacuum, through the furnace tube and the product(s) were 
collected in a trap cooled by liquid nitrogen. The entire pyrolysate was then 
dissolved in acetone and concentrated under reduced pressure to give the 
crude 3-hydroxyprrole or thiophene. Unless stated otherwise further 
purification was achieved by bulb-to-bulb (Kugelrohr) distillation. 
The following novel 3-hydroxypyrroles [1H-pyrrol-3(2H)-ones] 
and 3-hydroxythiophene were prepared by pyrolysis. In each case the 
methylene Meidrum's acid precursor and pyrolysis conditions are indicated 
in parentheses. 
1-Methyl-5-phenylthio-1H-pyrrOl-3(2H)-one ( 128) [5-(1-phenylthio-1-
N,N-dimethylamine) (95), T f 625°C, T1 125°C, P 2 x 10 torr] (85%), (the crude 
product was obtained as a gum which decomposed on distillation. 
However, the crude material was sufficiently pure for further reactions) 
(Found: M, 205.055. C 11H11N0S requires Mt 205.056); 8H  (two tautomers 
present in chloroform solution; oxo tautomer quoted, for enol tautomer see 
Discussion) 7.55-7.38(5H, m), 4.45(1H, s), 3.85(2H, s), and 3.12(3H, s); S c 
193.74(q), 181.34(q), 135.28, 130.46, 129.72, 98.34, 62.53, and 34.15 
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(one quaternary missing); m/z 205(M, 100%), 172(7), 144(8), 110(30), 109(20), 
91(9), and 66(9). 
5-Cyano-3-hydroxy-l-methylpyrrOle (125) 	[5-(1-cyano-1-N,N- 
dimethylamino) (77), T f 600°C, T1 126°C, P 6 x 10 Torr} (95%), b.p. 135°C 
(5 x 10-2 Torr) (Found: M, 122.048. C6H6N20 requires M, 122.048); oH 
6.44(1H, d, 4J  2.0), 6.33(1H, d, 4J  2.0), 4.59(1H, br s), and 3.66(3H, s); 0 (9055 
MHz), 142.37(q), 113.67(q), 113.57, 107.93, 100.87(q), and 35.29; m/z 122(M, 
100%), 121(23), 107(5), 80(1), 66(5), 52(12), and 41(44). 
5-Cyano-3-hydroxythiophene (127) [5-(1-cyano-1-methylthio) (76), 
Tf 600°C, T1  110°C, P 1 x 10 Torn (95%), m.p. 92-93°C (precipitated from a 
concentrated solution in acetone at -20°C) (Found: C, 47.55; H, 2.45; N, 11.05. 
C5H3NOS requires C, 48.0; H, 2.4; N, 11.2%); (Found: M, 124.994. C5N3NOS 
requires M, 124.994); 0H 7.25(1H, d, 4J  1.7), 6.65(1H, d, 4J  1.7), and 6.52(1H, 
br s); & 153.15(q), 128.83, 114.26(q), 108.70, and 107.63(q); m/z 125(M, 47%), 
97(7), 74(16), 52(11), 45(30), 28(100), and 18(25). 
A number of small scale pyrolysis (- 50 mg) were carried out 
without full characterisation of the products which were identified by 'H 
NMR spectroscopy. The following 5-aminomethylene Meidrum's acid 
derivatives were pyrolysed under the given pyrolysis conditions to give the 
recorded product(s). 
5-[1-Cyano-1-(N-benzyl-N-methylamifle)] (78) Tf 600°C, T1 
165°C, P 5 x 10-3  Torr, t 1.5 h, 5-cyano-3-hydroxy-1-methyl-2-pheflylpyrrOle (126), 
0H 7.60-7.27(5H, m), 7.25(1H, s), 6.45(1H, s), and 3.62(3H, s). 
5-[1,1-N,N'-Dimethyl-N,N '-trimethylenediamino] 	(80), 	Tf 
600°C, T1 170°C, P 1 x 10 Torr, t 30 mm, 1,2,3,4-tetrahydro-1-methy1-6H- 
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pyrrolo[1,2-a]pyrimidin-7-one (131), 8H  4.46(1H, s), 3.66(2H, s), 3.24-3.17(4H, 
rn), 2.88(3H, s), and 2.05(2H, quintet, 3J  6.0). 
5-(1,1-W-Phenyl-N',N,N-trimethyldiamiflO) (91), If  600°C,  Ii 
185°C, P 1 x 10 -3  Torr, t 30 mm, gave two products in a 1:5.3 ratio (both 
quoted); 5-dimethylamino-1-phenyl-1H-pyTrOl-3(2H)-one (143), oH  7.37-7. 12(5H, 
m), 4.83(1H, s), 3.95(2H, s), and 2.74(6H, s); 5-(N-methyl-N-phenylamino)-1-
methyl-1H-pyrrol-3(2H)-one (144), 0H 7.37-7.12(5H, rn), 4.80(1H, s), 3.68(2H, s), 
3.24(3H, s), and 2.36(3H, s). 
5- [N '-(p-Methoxyphenyl)-N ',N,N-trimethyldiamino] (92), Tf 
600°C, T 150°C, P 5 x 10 Iorr, t 30 mm, gave two products in a 1:5 ratio 
(both quoted); 5-dimethylamino-1-(p-methoxyphenyl)-1H-p rol-3(2H)-one (143), 
5H 7.10(2H, d, 3J  9.0), 6.87(2H, d, 3J  9.0), 4.83(1H, s), 3.93(2H, s), 3.76(3H, s), 
and 2.75(6H, s); 4-[N-(p-methoxyphenyl)-N-methylamiflO]-1-methYl-1H-PYrrOl 
3(2H)-one (144), 0H 7.10(2H, d, 3J  9.0), 6.87(2H, d, 3J  9.0), 4.79(1H, s), 3.77(3H, 
s), 3.70(2H, s), 3.21(3H, s), and 2.38(3H, s). 
5-[N '-(p-Chlorophenyl)-N ',N,N-trimethyldiamino] (93), Tf 
600°C, Ti  190°C, P 5 x 10 Torr, t 30 mm, gave two products in a 1:4.9 ratio 
(both quoted); 1-(p-chlorophenyl)-5 -dimet hylamino-1H-p rol-3(2H)-one (143), 
0H 7.32(2H, d, 3J  4.3), 7.09(2H, d, 3J  4.3), 4.88(1H, s), 3.95(2H, s), and 2.76(6H, 
s); 5- [N-( p-chlorophenyl)-N -met hyl ] -1 -met hyl-1H-pyrrol-3(2H)-one (144), 0H 
7.32(2H, d, 3J 8.9), 7.11(2H, d, 3J  8.9), 4.84(1H, s), 3.71(2H, s), 3.24(3H, s), and 
2.41(3H, s). 
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(ii) OTHER ATTEMPTED PYROLYSES 
The following 5-aminomethylene Meidrum's acid derivatives 
were pyrolysed under the conditions shown to give complex decomposition 
mixtures which did not bare any of the characteristics of 3-hydroxypyrroles 
or 1H-pyrrol-3(2R)-ones. 
5-(1-Chloro-1-N,N-dimethylamiflo) (87), If  600°C, Ti 140°C, 
P 9 x 10 Torr. 5-(1,1-N'-MethoxycarbonylmethyleneN ',N,N-
trimethyldiamino) (90), Tf 600°C, Ti 110°C, P 1 x 10 Torr. 5-(1,1-N'-Benzyl-
N' ethoxycarbony1methy1efleN,Ndimethyldiamin0) (89), Tf 550°C, Ti 140°C, 
P 1 x 10-3  Torr. 5-(1-NN-Dimethylamino-1-methOXy) (94), If  500°C, Ti 155°C, 
P 1 x 10 Torr, 8H  3.89, 3.18, 3.01 and 2.93; 8 C 171.08, 163.78, 159.90, 149.87, 
57.70, 40.93, 39.11, and 36.45. The product mixture was analysed by 
G.C./M.S. techniques and gave two major components with M, 145 and M, 
RVA 
234 
(iii) 3-ALKOXYPYRROLES AND 3-ALKOXYTHIOPHENES 
A general method for O-alkylation of 3-hydroxypyrroles and 
3-hydroxythiophenes has been developed. 16,94,105  During the course of this 
research the same method was adopted, however in some cases it was 
necessary to modify the reaction times. Furthermore, a number of 
compounds, including some previously reported were prepared on a much 
larger scale with addition precautions. The following describes the typical 
procedure for the large scale (10-14 mmol) synthesis of 3-methoxypyrroles and 
3-methoxythiophenes. 
Sodium hydride (80% dispersion in oil, 3 equiv.) was washed 
three times with dry n-hexane and then dried under reducez pressure 
(0.1 Torr). A suspension of the sodium hydride in fresh dry DM1 (10 ml) 
was then prepared and allowed to stir at room temperature under nitrogen. 
To this suspension was added the appropriate 3-hydroxypyrrole or 
3-hydroxythiophene dissolved in dry DM1 (10 ml); addition was carried out 
dropwise to avoid excessive frothing, and under a stream of nitrogen. A 
solution of methyl-p-toluenesulfonate (1 equiv.) in dry DM1 (5 ml) was then 
added dropwise and the mixture allowed to stir at room temperature, under 
nitrogen, for the appropriate length of time. The reaction mixture was then 
quenched slowly with water/ethanol (30 ml) (1:1) and extracted with ether 
(3 x 30 ml). The combined organic fractions were washed with water (4 x 50 
ml), and dried (MgSO4). Removal of the solvent under reduced pressure 
gave the crude 3-methoxy derivative which was further purified by bulb-to-
bulb (Kugelrohr) distillation. 
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The following 3-methoxy compounds were prepared. In each 
case the appropriate hydroxypyrrole, or hydroxythiophene precursor is 
indicated together with the scale of the reaction and time taken for the 
reaction. 
3-Methoxy-l-methyl-5-pheflylthiOpyrrOle 	(157) 	[1-methyl-5- 
phenylthio-1H-pyrrol-3(2H)Ofle (128), 10 mmol 20 h] (61%); b.p. 115-120°C 
(0.05 Torr) (Found: M, 219.071. C12H13N0S requires M, 219.072); 8H  7.25- 
6.94(5H, m), 6.47(1H, d, 4J  2.2), 6.23(1H, d, 4J  2.2), 3.73(3H, s), and 3.5(3H, s); 
147.70(q), 138.75(q), 135.33(q), 128.84, 125.34, 125.08, 108.71, 106.53, 57.67, 
and 33.77; m/z 219(M, 20%), 204(12), 109(30), 77(13), 51(16), 45(9), and 
42(100). 
5-Cyano-3-methoxy-l-methylpyrrOle (158) [5-cyano-3-hydroxy-1-
methylpyrrole (125), 2 mmol, 20 h] (43%), m.p. 47-48°C [sublimed 110°C 
(0.05 Torr)] (Found: C, 62.0; H, 6.15; N, 20.2. C 7H8N20 requires C, 61.75; H, 
5.9; N, 20.6%) (Found: Mt 136.064. C7H8N20 requires Mt 136.065); 5H 
6.4(1H, d, 4J 1.9), 6.34(1H, d, 4J  1.9), and 3.68(6H, s); 8 C (90.55 MHz), 
147.66(q), 113.46(q), 111.37, 105.75, 101.53(q), 57.98, and 35.34; m/z 136(M, 
70%), 121(100), 51(8), and 40(3). 
5-Cyano-3-methoxythiophefle (159) [5-cyano-3-hydroxythiophene 
(127), 1 mmol, 20 h] (62%), m.p. 38-39°C [sublimed 75°C (0.01 Torr)] (Found: 
C, 51.5; H, 3.7; N, 10.05. C 6H5NOS requires C, 51.8; H, 3.6; N, 10.05%); oH 
7.21(1H, d, 4J 1.7), 6.53(1H, d, 4J  1.7), and 3.82(3H, s); 0(90.55 MHz), 
157.66(q), 128.17, 114.03(q), 108.56(q), 104.53, and 57.71; m/z 139(Mt 41%), 
124(45), 109(22), 82(5), 73(14), 64(17), 57(7), and 45(100). 
3-Methoxy-1-phenylpyrrOle (171) [1 -phenyl-1H-pyrrol-3(2H)-one, 94 14 
mmol, 75 mm] (85%), sublimed 85-90°C (0.05 Torr) (Lit.,94 m.p. 33-34°C). 
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3-Methoxy-2-methyl-1-PheflYlPYrrO1e 94 (204) [2-methyl-1-phenyl-1H-
3(2H)-one,130  10 mmol, 75 min] (65%), sublimed 76°C (0.05 Torr) [Lit., 94 116-
118°C (0.4 Torr)]. 
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fl THE REACTIONS OF SOME ELECTRON-RICH AND 
ELECTRON-DEFICIENT 3-METHOXY- AND 3-HYDROXY-
PYRROLES AND THIOPHENES 
(i) 	REACTIONS WITH 2,2-DIMETHYL-5-METHOXYMETHYLENE- 
1,3-DI OXANE-4,6-DIONE 
5-(3-Hydroxy-1 -methyl-5-phenylthiopyrrol-2-yl)methylene-2,2-
dimethyl-1,3-dioxane-4,6-dione (165).- To a stirred solution of 1-methyl-5-
phenylthio-1H-pyrrol-3(2H)-one (128) (0.22 g, 1 mmol) in acetonitrile ( 5 ml) 
was added fresh 5-methoxymethylene Meidrum's acid (72)104  (1 mmol) 
dissolved in acetonitrile ( 3 ml). The mixture was allowed to stir overnight at 
room temperature during which time a precipitate formed. The suspension 
was then concentrated to give a gum which on trituration with cyclohexane 
and a little ethanol yielded the 2-methylene Meidrum 's acid derivative (0.25 g, 
70%), m.p. 167-170°C (from ethanol) (Found: C, 59.8; H, 4.75; N, 3.9. 
C18H17N05S requires C, 60.15; H, 4.75; N, 3.9%); 8H  11.57(1H, s), 8.03(1H, s), 
7.54-7.42(5H, m), 5.37(1H, s), 3.64(3H, s), and 1.74(6H, s); 8c 167.26(q), 
164.87(q), 162.75(q), 154.35(q), 134.08, 132.81, 130.12, 129.96, 127.61(q), 
123.93(q), 103.67(q), 101.85, 90.80(q), 31.67, and 26.61; m/z 359(M, 11%), 
301(100), 257(13), 214(20), 180(5), 134(10), 91(16), 90(6), 66(31), and 51(14). 
5-(3-Methoxy-l-methyl-5-phenylthiopyrrOl-2-yl)methylefle-2,2-
dimethyl-1,3-dioxane-4,6-dione (169).- A solution of freshly prepared 
5-methoxymethylene Meidrum's acid (72) (0.15 g, 0.78 mmol) in acetonitrile 
(2 ml) was added to a solution of 3-methoxy-1-methyl-5-phenylthiopyrrole 
(157) (0.17 g, 0.78 mmol) in acetonitrile (2 ml). The solution was allowed to 
stir at room temperature for 3 days and then the solvent was removed under 
reduced pressure to give a black gum. The 3-methoxy-2-methylene Meidrum 's 
acid derivative was obtained by further trituration of the gum with 
cyclohexane and a little ethanol (0.20 g, 69%), m.p. 129-131°C (from ethanol) 
(Found: C, 60.9; H, 5.15; N, 3.4. C 19H19N05S requires C, 61.15; H, 5.1; N, 
3.75%); 5H 8.03(1H, s), 7.36-7.31(5H, m), 5.79(1H, s), 3.83(3H, s), 3.58(3H, s), 
and 1.76(6H, s); 5c  164.05(q), 162.38(q), 158.41(q), 139.86(q), 135.72, 131.82(q), 
130.49, 129.64, 128.21, 121.87(q), 103.11(q), 100.49(q), 99.79, 58.12, 32.60, and 
26.90; m/z 373(M, 13%), 287(4), 271(15), 256(4), 219(5), 193(5), 134(5), 109(5), 
91(7), 77(4), 66(8), 51(4), 43(23), and 32(100). 
The analogous reactions with 5-cyano-3-hydroxy-1-
methylpyrrole (125) and 5-cyano-3-hydroxythiophene (127) were attempted 
but proved unsuccessful even when the reaction mixture was heated to 
reflux for 2 h. 
(a) Pyrolysis of 5(3hydroxy-1-methyl-5-pheflY1thi0PYrr012Yl)methYlefle 
2,2-dimethyl-1,3-dioXafle-4,6-diOfle (165) 
The small scale (0.4 mmol) pyrolysis of the title compound 
under the following conditions (T f 600°C, T 150°C, P 2 x 10-4 Torr, t 2 h) gave 
1methyl2-phenylthiopyranO[3,2-b]PYrTOl5(lH)0fle ( 172) (0.09 g, 89%), m.p. 
110-112°C (from ethanol) (Found: C, 65.0; H, 4.45; N, 5.4 C 14H11NO2S 
requires C, 65.35; H, 4.3; N, 5.45%); oH  7.50(1H, d, 3J  9.6), 7.36-7.04(5H, m), 
6.42(1H, s), 6.06(1H, d, 3J  9.6), and 3.60(3H, s); Oc  162.27(q), 146.03(q), 
135.51(q), 130.82, 129.91(q), 129.28, 127.05, 126.45, 119.42, 108.33, 104.36, and 
30.46; m/z 257(M, 8%), 218(8), 176(15), 144(100), 134(27), 110(61), 109(26), 
106(7), 89(24), 79(5), 66(24), 62(17), 52(7), 39(33), and 38(16). 
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(ii) DIAZO-COUPLING REACTIONS 
A number of azo compounds were synthesised by the reaction 
of benzenediazonium chloride with the appropriate 3-hydroxypyrrole or 
3-hydroxythiophene. The following describes the general method used for 
the preparation of the diazonium salt and the subsequent coupling reaction. 
Benzenediazonium chloride was generated in the usual way, 
by addition of an aqueous solution of sodium nitrite (0.09 g, 1.3 mmol) to an 
ice cold mixture of aniline (0.09 ml, 1 mmol) and aqueous hydrochloric acid 
(5 ml, 17%). The mixture was allowed to stir at 0°C for 5 mm, and then 
added to a suspension of the appropriate hydroxypyrrole or 
hydroxythiophene (1 mmol) in methanol (5 ml). The intensely coloured 
mixture which was formed was stirred at room temperature for a further 1 h 
and then extracted with methylene chloride (3 x 10 ml). The combined 
organic fractions were washed with water (40 ml), dried (MgSO 4), and 
concentrated to give the crude 2-pheny1hydrazo derivative. The product was 
further purified, if necessary, by dry flash chromatography using ethyl 
acetate and n-hexane as the elutants. 
By this general method the following compounds were 
obtained, the preceding 3-hydroxypyrrole or 3-hydroxythiophene is shown 
in parenthesis. 
1-Methyl-2-phenylhydrazo-5-phenylthio-1H-pyrrol-3(2H)-one (188) 
[1-methyl-5-phenylthio-1H-pyrrol-3(2H) -one (128)1 (product purified by dry 
flash chromatography) (36%), m.p. 167-168°C (from ethyl acetate) (Found: C, 
66.25; H, 5.0; N, 13.65. C17H15N30S requires C, 66.0; H, 4.85; N, 13.6%); 
max /Et01(E) 400 (15100), and 4.50(12900); 8H  12.88(1H, br s), 7.61-6.92(10H, 
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rn), 4.75(1H, s), and 3.41(3H, s); 8 c 175.25(q), 167.64(q), 143.00(q), 135.17, 
130.46, 129.84, 129.17, 126.20(q), 121.89, 113.53, 96.99, and 28.69 (one 
quaternary missing); m/z 309(Mt 100%), 217(q), 176(11), 106(26), 77(38), and 
51(12). 
5-Cyano-1-methyl-2-pheflylhydraZO-1H-PYrTO1-3(2H)Ofle (189) [5-
cyano-3-hydroxy-1-methylPYrrole (125)] (product purified by dry flash 
chromatography) (17%), m.p. 173-174°C (from petroleum ether/ethanol) 
(Found: C, 63.5; H, 4.6; N, 24.35. C 12H10N4 . 0.008 H20 requires C, 63.3; H, 
4.45; N, 24.6%); ?..max/EtOH(C) 395(9800), and 527(8000); 8H  13.12(1H, br s), 
7.48-7.14(5H, m), 6.02(1H, s), and 3.62(3H, s); 8 c 167.31(q), 143.48(q), 
134.61(q), 129.44, 126.09, 124.62(q), 116.63, 111.18(q), 105.31; and 30.87; m/z 
226(M, 84%),160(23), 77(100), and 51(18). 
5-Methylthio-2-phenylhydrazothiophefl-3(2H)-one (192) [5-
methylthiophen-3(2H)-one 16  (124)] (82%), m.p. 179-180°C (from toluene) 
(decomposes) (Found: M, 250.023. C11H10N20S2 requires M, 250.023); 
max /Et0lT(C) 430(11500);  5H (mixture of two components, 4:1; major 
component quoted) 13.93(1H, br s), 7.40-7.19(5H, m), 6.24(1H, s), and 
2.61(3H, s); 5c  170.45(q), 141.92(q), 135.26(q), 129.31, 123.76, 116.39, 115.47(q), 
114.48, and 15.93; m/z 250(M, 100%), 175(39), 149(26), 146(9), 117(17), 85(62), 
77(50), 69(20), and 45(20). 
Under the same conditions diazo coupling of 5-cyano-3-
hydroxythiophene (127) gave recovered starting material while the parent 
thiophen-3(2H)-one 16  gave a black gum. Analysis of the gum by 1H NMR 
spectroscopy suggested the reaction might have produced the azo-coupled 
dimer, 4,5dihydro5(3hydroxythiefl-2-yl)-2-pheflylhYdTaZ0th10Phefl3(2H)0fle 
oH ([2H] 6  acetone) 8.77(1H, br s), 7.45-7.30(5H, m), 7.25(1H, d, 3J 5.6), 6.71(1H, 
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d, 3J  5.6), 5.46(1H, t, 3J 7.3), 3.24(1H, dd, 2J  17.4, and 3J  7.3), and 2.97(1H, dd, 
2J 17.4, and 3J  7.3) (OH signal not observed). 
(iii) ACYLATION REACTIONS 
The appropriate 3-hydroxypyrrole or 3-hydroxythiophene (1 
mmol) was dissolved in THF (5 ml). To this stirred solution was then added 
triethylamine (3 mmol) and acetyl chloride (4 mmol). The mixture was left 
to stir at room temperature for 1 h and then quenched with methanol (5 ml) 
and water (10 ml). The aqueous solution was extracted with methylene 
chloride (3 x 10 ml) and the combined organic extracts were washed with 
water (10 ml), and dried (MgSO4). Removal of the solvent under reduced 
pressure yielded the crude product which was further purified by bulb-to-
bulb Kugelrohr distillation to give the 3-acetoxy derivative. 
The following derivatives were prepared by the above method 
from the appropriate precursor which is indicated in brackets. 
3-Acetoxy-5-cyano-1-methylpyrrole (160) [5-cyano-3-hydroxy-1-
methylpyrrole (125)] (100%), m.p. 54-55°C [sublimed 92-95°C (0.05 Torr)] 
(Found: M, 164.059. C8H8N202 requires M, 164.059); 5H 6.91(1H, d, 4J 1.8), 
6.57(1H, d, 4J  1.8), 3.72(3H, s), and 2.21(3H, s); (90.5 MHz), 168.03(q), 
135.86(q), 117.67, 112.86(q), 110.56, 101.55(q), 35.51, and 20.60; m/z 164(M, 
53%),122(100),121(59), and 51(6). 
3-Acetoxy-5-cyanothiophene (161) [5-cyano-3-hydroxythiophene 
(127)] (100%), b.p. 79-81° (0.05 Torr) (Found: Mt 167.004. C7H5NO2S 
requires Mt 167.004); 5H 7.43(1H, d, 4J  1.5), 7.39(1H, d, 4J  1.5), and 2.27(3H, 
s); 8C  167.63(q), 146.06(q), 130.73, 118.19, 113.50(q), 108.14(q), and 20.66; m/z 
167(Mt 57%), 125(100), 83(17), 74(8), 45(33), 43(100), and 44(7). 
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(iv) REACTIONS WITH OXALYL CHLORIDE 
The appropriate 3-hydroxypyrrole (1 mmol) was dissolved in 
an excess of oxalyl chloride (3 ml) and stirred at room temperature for 1 h. 
The oxalyl chloride was then removed under reduced pressure to give a 
gum or oil which was quenched with ethanol (1-2 ml). The ethanol was then 
removed to give a mixture which was separated by dry flash 
chromatography, using ethyl acetate and n-hexane as elutants, to give a 
2-glyoxylic ester as the product. 
Ethyl 3-hydroxy-l-methyl-5-phenylthiopyrrole-2-glyoxljlate (179) [1-
methyl-5-phenylthio-1H-pyrrol-3/2H)-one (128)] (24%), b.p. 150°C/0.1 Torr 
(Found: M, 305.073. C15H15N04S requires M, 305.072); H(360  MHz), 
10.75(1H, br s), 7.34-7.24(5H, m), 5.68(1H, s), 4.41(2H, q, 3J 7.1), 3.77(3H, br 
s), and 1.41(3H, t, 3j 7.1); 6c 166.10(br q), 156.10(br q), 140.45(q), 131.67(q), 
130.68, 129.45, 127.98, 119.93(q), 102.23, 63.53, 34.68(br), and 13.67 (one 
quaternary missing); m/z 305(Mt 35%), 232(100) 176(6), 134(7), 109(9), 91(12), 
66(17), and 51(6). 
Ethyl 5-cyano-3-hydroxy-1-methylpyrrole-2-glyoXylate (182) [5-
cyano-3-hydroxy-1-methylpyrrole (125)] (27%), b.p. 110°C (0.1 Torr) (Found: 
M, 222.065. C101-110N204 requires M, 222.064); oH  6.30(1H, s), 4.46(2H, q, 3J 
7.1), 3.93(3H, s), and 1.44(3H, t, 3j7.1) (OH signal not observed); 0c  170.10(q), 
164.73(q), 153.91(q)., 120.08(q), 114.88(q), 111.39(q), 105.46, 64.42, 37.15, and 
13.67; m/z 222(M, 26%),149(100),122(6), and 52(5). 
In the analogous reaction of 5-cyano-3-hydroxythiophene (127) 
with oxalyl chloride, removal of the excess oxalyl chloride yielded a solid 
which was not quenched with ethanol. The 1H NMR spectrum (360 MHz) of 
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the crude mixture revealed that the product was in fact a mixture of two 
components found in a 3:1 ratio (the least favoured component is given in 
brackets). From the mass spectrum of the mixture it appears that one of the 
components is 5-cyano-thien-3-yl oxalate. Formed by hydrolysis of the 
corresponding acid chloride. 
H 7.67(d, 4J  1.6), and 7.59(d, 
4J  1.6), [7.86(d, 4J  1.7), and 7.81(d, 4J 1.7)]; 
m/z 197(2%), 151(11), 125(100), 95(5), 74(34), and 58(12). 
(v) 	THE REACTION OF 5-CYANO-3-HYDROXYTHIOPHENE 
WITH DIAZOMETHANE 
The generation and reaction of diazomethane was undertaken 
using a commercially available mini diazald apparatus, ensuring all the 
specified precautions. 170 A solution of Diazald (N-methyl-N-nitroso-p-
toluene sulfonamide) (5.0 g, 2.1 mmol) in freshly distilled ether (45 ml) was 
added dropwise to a previously prepared solution of potassium hydroxide 
(5 g) in water (8 ml), and ethanol (10 ml) maintained at 65°C by a water bath. 
The diazomethane produced was distilled (as an etheral co-distillate) into a 
separate vessel and allowed to condense dropwise via a dry ice/acetone cold 
finger into a stirred solution of 5-cyano-3-hydroxythiophene (127) (0.06 g, 0.5 
mmol) in distilled methylene chloride (10 ml), cooled by an ice bath. When 
all the Diazald had been consumed both reaction vessels were allowed to 
return to room temperature. The reaction solution was left to stir at room 
temperature for a further 3 days (allowing excess diazomethane to escape). 
244 
As an additional precaution a few drops of glacial acetic acid were added, 
before removing the solution to yield 5-cyano-3-methorythiophene (159) (0.07 
g, 100%);* ii 7.17(1H, d, 4J  1.8), 6.51(1H, d, 4J  1.8), and 3.77(3H, s); m/z 
139(M, 63%), 124(50), 109(20), 91(100), 73(32), and 45(88). 
(vi) OTHER ATTEMPTED REACTIONS 
With dimethyl acetylenedicarboxylate (DMAD): 16 Small scale 
reactions with 5-cyano-3-hydroxy-1-methylpyrrOle (125) and 5-cyano-3-
hydroxythiophene (127) with DMAD in [ 2H]3 acetonitrile were unsuccessful. 
The course of the reaction was monitored by 'H NMR spectroscopy. Even 
when the reaction mixtures were heated to reflux for 2-3 h, starting materials 
were fully recovered. 1-Methyl-5-phenylthio-1H-pyrrol-3(2H)-One (128) 
gave a mixture of products which could not be separated by 
chromatography. 
Vilsmeier reaction with DMF/phosphoryl chloride: The reaction 
with 5-cyano-3-hydroxythiophene (127) under standard conditions 16 gave 
full recovery of the starting material. 
* 
Previously reported in Section E with a lower yield of 62% 
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METALLATION REACTIONS OF 
3-METHOXYPYRROLES 
The metallation reactions were carried out using a 1.6 M 
solution of nbutyllithium* in hexane, ensuring anhydrous conditions at all 
times. The apparatus was flame dried before use and allowed to cool to 
room temperature under dry nitrogen, reactions were performed under 
nitrogen, and additions were made by injections via septa. Distilled THF 
was the solvent of choice and was best added directly to the reaction flask 
from the still. 
In each of the following reactions the 3-methoxypyrrole 
derivatives were lithiated specifically in the 2-position and subsequently 
reacted with a number of electrophiles. 
3-Methoxy-1-methyl-5-phenylthiopyrrole-2-carbaldehyde (201).- To a 
stirred solution of 3-methoxy-1-methyl-5-phenylthiopyrrole (157) (0.1 g, 0.5 
mmol) in freshly distilled THF (5 ml) was added n-butyllithium (0.55 mmol) 
and the subsequent mixture was allowed to stir at room temperature for 30 
mm. Distilled DMF (0.55 mmol) was then added and the reaction mixture 
stirred for a further 2 h at room temperature. Water (5 ml) and hydrochloric 
acid (5%, 5 ml) were added and the aqueous solution was extracted with 
ether (2 x 10 ml). The combined organic extracts were washed with water 
* The molarity of the n-butyllithium was determined by titration with 2,5-dimethoxybenzyl 
alcohol. 171  In a typical titration 2,5-dimethoxybenzyl alcohol (0.1 g) was weighed into a 
two neck flask fitted with a magnetic stirrer bar and sealed with a septum. Dry TI-IF (4 ml) 
was then added and the flask flushed with nitrogen. n-Butyffithium was then added 
dropwise via a syringe until the solution was just charged with a pink colour. The titration 
was repeated until concurrent results were obtained. 
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(20 ml), dried (MgSO4), and evaporated under reduced pressure to give the 
pyrrole-2-carbaldehyde derivative (0.10 g, 78%), b.p. 145°C (0.05 Torr) (Found: 
M, 247.068. C13H13NO2S requires M, 247.067); oH  9.62(1H, s), 7.32-7.08(5H, 
m), 6.00(1H, s), 3.83(3H, s), and 3.81(3H, s); O, 175.73, 157.97(q), 134.62(q), 
130.30(q), 129.30, 127.76, 126.68, 120.27(q), 100.95, 57.70, and 33.19; m/z 
247(M, 88%), 218(8), 177(7), 134(12), 91(100), 77(16), 51(14), and 45(6). 
3-Methoxy-l-phenylpyrrole-2-carbaldehyde ( 197).- To a stirred 
solution of 3-methoxy-1-phenylpyrrole (171) (0.12 g, 0.6 mmol) in freshly 
distilled TI-IF (5 ml) was added n-butyllithium (0.65 mmol) and the mixture 
left to stir at room temperature for 30 mm. Distilled DMF (0.65 mmol) was 
then added and the reaction mixture stirred for a further 1 h. Water (5 ml) 
and hydrochloric acid (5%, 5 ml) were then added and the solution was 
extracted with ether (2 x 10 ml). The combined organic fractions were 
washed with water (20 ml), dried (MgSO4) and concentrated to give a purple 
oil. Bulb-to-bulb (Kugelrohr) distillation of the oil gave the purified 
2-carbaldehyde derivative (0.08 g, 70%), b.p. 220-225°C (0.7 Torr) (Found: M, 
201.079. C12H11NO2 requires Mt 201.079); 0H(360  MHz) 9.60(1H, s), 7.41-
7.27(5H, m), 6.86(1H, d, 3J  3.1), 5.98(1H, d, 3J  3.1), and 3.88(3H, s); 5 c 175.62, 
159.32(q), 138.91(q), 129.45, 128.62, 127.52, 125.23, 117.63(q), 95.26, and 57.74; 
m/z 201(M, 59%), 186(6), 154(11), 123(6), 104(32), 91(7), 77(100), and 51(88). 
3-Methoxy-2-methylthio-1-phenylpyrrole (198).- n-Butyllithium 
(2.2 mmol) was added to a stirred solution of 3-methoxy-1-phenylpyrrole 
(171) (0.34 g, 2 mmol) in freshly distilled THF (10 ml) and the mixture was 
left to stir at room temperature for 30 mm. Dimethyl disulfide (2.2 mmol) 
was then added and the solution allowed to stir for a further 1 h. The 
reaction was quenched with water (10 ml), and sodium hydroxide (2 M, 10 
ml), and then extracted with ether (2 x 10 ml). The combined organic 
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extracts were washed with water (25 ml), dried (MgSO 4), and evaporated to 
give the crude 2-methylthio derivative. The compound was purified by dry 
flash chromatography using ethyl acetate and n-hexane as elutants (0.33 g, 
76%), b.p. 130-132°C (0.05 Torr) (Found: M, 219.072. C12H13N0S requires 
M, 219.072); oH 7.47-7.30(5H, m), 6.79(1H, d, 3J  3.2), 6.06(1H, d, 3J  3.2), 
3.88(3H, s), and 2.02(3H, s); 5c 152.36(q), 139.59(q), 128.58, 126.95, 126.00, 
121.64, 119.34(q), 96.10, 58.11, and 20.22; m/z 219(M, 100%), 204(64), 186(7), 
170(14), 143(15), 117(4), 104(14), 91(4), 77(39), and 51(20). 
(i) OTHER ATTEMPTED REACTIONS 
The metallation of 2-substituted derivatives, i.e. 3-methoxy-2-
methyl-1-phenylpyrrole (203) and 3-methoxy-2-methylthio-1-phenylpyrrole 
(198), under standard conditions, proved unsuccessful since subsequent 
reactions with DMF, dimethyl disulfide and diphenyl disulfide repeatedly 
resulted in the near quantitative recovery of starting materials. 
The lithiation of 3-methoxy-1-methyl-5-phenylthiopyrrole (201) 
followed by quenching with dimethyl disulfide under standard conditions, 
gave a mixture of both starting material and the 2-substituted product (3:2 
ratio). The product was not isolated and attempts to improve the yield were 
unsuccessful. 
The metallation of 3-methoxy-1-phenylpyrrole (171) with an 
excess of n-butyllithium followed by quenching with diphenyl disulfide 
produced a mixture of products which could not be separated by distillation 
nor dry flash chromatography. Mass spectra and NMR spectra of the 
product mixture clearly showed the expected 3-methoxy-1-phenyl-2- 
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phenyithiopyrrole (199) however they were complicated by the additional side 
reaction(s) (see Discussion). 
Attempts to prepare 3-methoxy-1-phenyl-2-pyrrolylcarboxylic acid 
by the reaction of the 2-lithiated methoxypyrrole with crushed carbon 
dioxide pellets were unsuccessful resulting in the recovery of starting 
material. It is possible that decarboxylation took place during acid work-up. 
(ii) 	THE REACTION OF 3-METHOXY-2-METHYLTHIO- 
1-PHENYLPYRROLE WITH 5-METHOXYMETHYLENE 
MELDRUM'S ACID 
The above 3-methoxypyrrole derivative (198) was initially 
treated with 5-methoxymethylene Meidrum's acid (72) in a manner which 
has been previously described for 3-hydroxypyrroles and other 
3-alkoxypyrroles (see Experimental, Section F(i)). The reaction was 
unsuccessful even after heating the mixture to reflux for 2 h. 
The reactivity of 3-methoxy-2-methylthio-1-phenylpyrrole (198) was 
then contrasted with 3-methoxy-2-methyl-1-phenylpyrrOle 94 (203) in a 
competition reaction which was performed in an NMR tube. Both of the 
3-methoxypyrroles (0.1 mmol) were added to a solution of the fresh 
5-methoxymethylene Meidrum's acid (0.1 mmol) in [11] 3 acetonitrile, and 
the reaction progress followed by 1H NMR spectroscopy. Within 24 h the 
5-methoxymethylene Meldrum's acid had reacted specifically with the 
2-methyl derivative to give 5-(3-methoxy-2-methyl-1-phenylpyrrOl-5-
yl)methylene-2,2-dimethyl-1,3-diOxafle4i6dione' 45 (205),  8H  8.15(1H, s), 
7.61(1H, s), 7.47-7.29(5H, s), 3.80(3H, s), 1.97(3H, s), and 1.63(6H, s). Signals 
at H 7.47-7.29(5H, s), 6.84(1H, d, 3J  3.4), 6.10(1H, d, 3J  3.4), 3.87(3H, s), and 
2.04(3H, s) were due to the unchanged 2-methylthio derivative. 
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THE METALLATION REACTIONS 
OF 5-AMINOMETHYLENE-2,2-DIMETHYL- 
1,3-DIOXANE-4,6-DIONE DERIVATIVES 
(i) WITH GRIGNARD REAGENTS 
The Grignard reagents were prepared in the usual manner, 
with the exception of methylmagnesium chloride which was commercially 
available: 
The usual precautions were observed viz, flame dried 
apparatus, dried solvents, and calcium chloride guard tubes, to protect from 
moisture. Dry magnesium turnings (0.06 g, 2.5 mmol) were placed in a two 
necked flask, and a solution of the appropriate bromo precursor (2.5 mmol) 
in dry THF was added slowly from a dropping funnel. When the addition 
was complete the mixture was heated to reflux for 1.5 h, cooled to room 
temperature, and then added slowly to the 5-aminomethylene Meidrum's 
acid derivative. 
5-(l-N,N-Dimethylamino-1-thienyl)methylene-2,2-dimethyl-1,3-
dioxane-4,6-dione 16 (102).- 2-Thienylmagnesium bromide (2.5 mmol) was 
added to a solution of 5-(1-chloro-1-NN-dimethylamino)methylene 
Meldrum's acid (87) (0.58 g, 2.5 mmol) in dry THF (10 ml) and the mixture 
allowed to stir at room temperature for 2 h. Water (20 ml) and hydrochloric 
acid (5%, 10 ml) were then added and the solution was extracted with 
methylene chloride (3 x 20 ml). The combined organic fractions were 
washed with water (2 x 20 ml), dried (MgSO4), and concentrated to give the 
crude thienylmethylene derivative (0.50 g, 71%), m.p. 206-208°C (from ethanol) 
(Lit.,16 205-2070C); 8H  7.69(1H, dd, 3J  4.9 and 
4J  0.9), 7.43(1H, m), 7.16(1H, dd, 
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3J 4.9 and 3J  3.8), 3.39(3H, s), 3.37(3H, s), and 1.71(6H, s); m/z 223(M-58, 
11%), 179(43), 178(22), 150(11), 108(100), 82(47), and 63(13). 
The same thienylmethylene product was obtained when 
2-thienylmagnesium bromide (2.5 mmol) was added to a solution of 5-(1-
N,N-dimethylamino-1-methoxy)methylefle Meidrum's acid (94) (0.57 g, 2.5 
mmol) and the mixture heated to reflux for 1 h. Using the same work-up as 
before the crude 5-(1-N,N-dimethylamif101thieflyl)methylefle compound was 
obtained in a lower (0.43 g, 61%) yield; 8H  7.69(1H, dd, 3J  5.0 and 
4J  0.9), 
7.43(1H, dd, 3J  3.8 and 4J  0.9), 7.16(1H, dd, 3J  5.0 and 3J  3.8), 3.38(3H, s), 
3.37(3H, s), and 1.70(6H, s). 
5(Bisthienylmethylene)-2,2-dimethyl-1,3-diOXafle-4,6diOne (103). - 
A three-fold excess of 2-thienylmagnesium bromide (7.5 mmol) was added 
to a solution fo 5-(1-chloro-1-N,N-dimethylamino)methylene Meidrum's acid 
(87) (0.58 g, 2.5 mmol) in dry THF (25 ml). The mixture was stirred at room 
temperature for 30 min and then water (20 ml) and hydrochloric acid (5%, 15 
ml) were added. The aqueous solution was extracted with methylene 
chloride (3 x 20 ml) and the combined organic extracts washed with water 
(2 x 20 ml) and dried (MgSO4). Removal of the solvent under reduced 
pressure gave the crude bisthienyl derivative (0.69 g, 86%), m.p. 179-181°C 
(from ethanol) (decomp) (Found: C, 56.15; H, 3.95%. C 15H1204S2 requires C, 
56.25; H, 3.75%); 5H 7.75(2H, m), 7.52(2H, m), 7.15(2H, dd, 3J  4.8 and 3J  4.0), 
and 1.86(6H, s); & 160.99(q), 154.42(q), 141.61(q), 136.62, 134.41, 127.59, 
111.62(q), 103.50(q), and 27.19; m/z 262(M-58, 66%), 219(9), 190(100), 166(6), 
135(14), 111(7), and 69(23); 
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5-( 1 -N,N-Dimethylamino-1-phenyl)methylefle-2,2-ditflethYl-1,3-
dioxane-4,6-dione (106).- Phenylmagnesium bromide (2.5 mmol) was added to 
a solution of 5-(1-chloro-l-NN-dimethylamino)methylefle Meidrum's acid 
(87) (0.58 g, 2.5 mmol) in dry THF (2.5 ml) and heated to reflux for 1.5 h. 
Water (20 ml), and hydrochloric acid (5%, 10 ml) were then added, and the 
solution extracted with methylene chloride (3 x 20 ml). The organic fractions 
were combined, washed with water (2 x 20 ml), and dried (MgSO 4). 
Evaporation of the solvent under reduced pressure gave a gum which 
yielded the phenylmethylene derivative after trituration with cyclohexane and a 
little ethanol (0.44 g, 64%), m.p. 184-186°C (from ethanol) (Lit., 16 177.5-
179.5°C) (Found: C, 65.4; H, 6.25; N, 5.1. C 15H17N04 requires C, 65.45; H, 6.2; 
N, 5.1%); oH 7.49-7.37(5H, m), 3.36(3H, s), 3.10(3H, s), and 1.67(6H, s); 0c 
176.67(q), 162.18(q), 134.87(q), 131.42, 129.19, 128.49, 101.93(q), 84.10(q), 
46.70, 43.94, and 26.40; m/z 275(Mt 15%), 217(17), 172(100), 144(15), 102(53), 
91(7), and 69(8). 
Other attempted reactions, under analogous conditions, 
involving methylmagnesium chloride and 5-(1-chloro-1-N,N-
dimethylamino)methylene Meldrum's acid (87) gave recovered starting 
material. 
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(ii) WITH ORGANOLITHIUM REAGENTS 
Reactions were carried out adopting the same precautions and 
procedure as described in Section H. 
5(1-N,N-DimethylaminO-1-thieflyl)methylefle-2,2-di1flethyl-1,3diOXafle 
4,6-diane16 (102).- To a stirred solution of thiophene (0.2 ml, 2.5 mmol) in dry 
THF (5 ml) was added n-butyllithium (2.5 mmol) and the mixture left to stir, 
under nitrogen, for 30 mm. The solution was then cooled to -73°C by a dry 
ice/acetone bath, and added via a double-ended needle to a suspension of 
5(1N,Ndimethylammno-1-methoxy)methylefle Meldrum's acid (94) (0.57 g, 
2.5 mmol) in dry THF (50 ml), also stirred under nitrogen at -73°C. The 
reaction mixture was allowed to warm to room temperature and then water 
(25 ml) and hydrochloric acid (5%, 15 ml) were added. The solution was 
extracted with methylene chloride (3 x 20 ml) and the combined organic 
extracts were washed with water (2 x 20 ml) and dried (MgSO 4). 
Evaporation of the solvent produced a gum which on trituration with 
cyclohexane and a little ethanol gave the thienylmethylene derivative (0.20 g, 
28%), m.p. 201-205°C (from ethanol) (Lit., 16 205-207°C); oH 7.71(1H, d, 3J  5.0), 
7.45(1H, m), 7.18(1H, dd, 3J  5.0 and 3J  3.8), 3.41(3H, s), 3.39(3H, s), and 
1.73(6H, s); m/z 281(M, 27%), 252(8), 223(74), 179(70), 178(44), 150(15), 
108(100), 82(58), and 69(8). 
The reaction of 2-thienyllithium with 5-(1-chloro-1-N,N-
dimethylamino)methylene Meldrum's acid (87) under similar conditions 
produced a black reaction mixture which could not be separated. 
5Bisbenzothienylmethylene-2,2-dimethYl4,3-diOXafle4,6di0fle 
(107).- n-Butyllithium (2.5 mmol) was added to a solution of benzothiophene 
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(0.34 g, 2.5 mmol) in dry TI-IF (7 ml) and the mixture was heated to reflux for 
30 mm, under nitrogen. The solution was allowed to cool and then added, 
via a double-ended needle, to a previously prepared solution of 5-(1-chloro-
1-N,N-dimethylamino)methylene Meidrum's acid (87) (0.58 g, 2.5 mmol) in 
dry THF (50 ml) stirred under nitrogen. The reaction mixture was left to stir 
for 2 h before adding water (20 ml) and hydrochloric acid (5%, 15 ml). The 
aqueous solution was then extracted with methylene chloride (3 x 20 ml), 
and the combined organic fractions were washed with water (2 x 20 ml), and 
dried (MgSO4). Evaporation of the solvent gave a brown gum which yielded 
the bisbenzothienyl compound on trituration with cyclohexane and a little 
ethanol. The solid was further purified by recrystallisation from ethanol 
(0.19 g, 18%), m.p. 191-192°C (from ethanol) (Found: C, 64.6; H, 4.05%. 
C23H1604S2 0.4 H20 requires C, 64.61; H, 3.93%) (Found: M, 420.049. 
C23H1604S2 requires M, 420.049); 3H 7.87-7.79(4H, m), 7.76(2H, s), 7.47-
7.36(4H, m), and 1.92(6H, s); 8 c 160.33(q), 154.43(q), 142.69(q), 140.38(q), 
138.44(q), 132.79, 126.85, 125.39, 124.98, 122.11, 104.08(q), and 27.36 (one 
quaternary missing); m/z 420(M, 40%), 405(100), 376(17), 362(90), 318(88), 
290(98), 278(17), 245(27), 213(10), 185(10), 161(10), 145(35), 122(10), 89(5), 
69(6), and 43(28). 
At lower temperatures (-80°C) the reaction of 2-benzothienyl 
lithium with 5-(1-chloro-1-NN-dimethylamino)methylefle Meldrum's acid 
(87) produced a mixture of the monobenzothienyl and bisbenzothienyl 
derivatives in a ratio of 2:1 (by 1H NMR spectroscopy). The mixture was not 
separated. 
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THE PYROLYSIS OF 541-(4-METHOXY-2-OXO-3- 
PYRROLINYL)1METHYLENE-2,2-DIMETHYL-1,3- 
DIOXANE-4,6-DIONE 
Pyrolysis of the title compound (206) was carried out in the 
range 550-700°C, and was found to give a product mixture containing two 
major isomeric components. The relative proportion of these isomers was 
strongly temperature dependent. 
At the lower temperatures (550-570°C) a yellow solid was 
produced together with a small quantity of unreacted starting material. 
Isolation, and subsequent characterisation of the yellow solid as 7-hydroxy-1-
methoxypyrrolizin-3-one (see below)' was achieved by simply scraping the 
solid out of the trap with a spatula or by carefully dissolving it in acetone. 
At higher temperatures (570-700°C) the pyrrolizin-3-one was 
formed together with 7-methoxypyrano[3,2-b]pyrrol-5(1H)-one, as a less 
volatile red solid which condensed near the exit point of the furnace. Crude, 
but effective separation was achieved by dissolving each of the components 
separately in acetone. 
7-Hydroxy-1-methoxypyrrolizin-3-one (212), (Tf 565°C, Ti 140°C, P 
1 x 10 Torr), (33%), (decomposes on heating) (Found: C, 58.0; H, 4.55; N, 
8.35. C8H7NO3  requires C, 58.2; H, 4.25; N, 8.5%); 8H(360 MHz, [ 2H] 6 
acetone) 9.46(1H, br s), 6.88(1H, d, 3J  3.2), 5.74(1H, dd, 3J 3.2 and 6J  0.8), 
4.72(1H, d, 6J  0.8), and 3.93(3H, s); 8c ([2H]6 acetone) 117.74, 105.91, 86.22, 
and 57.44 (weak sample, quaternaries not observed); m/z 165(M, 28%), 
122(6), 58(45), and 43(100). 
7-Methoxypyrano[3,2-b]pyrrOl-5(1H)-one (214), (Tf 650°C, Ti 125°C, P 
5 x 10 Torr), (44%), (decomposes on heating), (Found: M, 165.043. 
C8H7NO3 requires M, 165.043); 8H([2H]6 acetone) 10.88(1H, br s), 7.16(1H, 
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m), 6.11(1H, m), 5.36(1H, s), and 4.00(3H, s); 5( 2[H]6 acetone) 163.43(q), 
161.06(q), 146.41(q), 135.39(q), 122.12, 95.17, 82.05 and 54.90; m/z 165(M, 
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PyrazoloEl ,2-a]1 ,2,3-triazinium-4-olate 
Alexander J. Blake, Hamish McNab,*  Mark Morrow and Helen Rataj 
Department of Chemistry, The University of Edinburgh, West Mains Road, Edinburgh, UK EH9 3JJ 
The title mesomeric betaine 1 is formed by a novel thermal cyclisation method; its X-ray crystal structure, that of its 
3-bromo derivative, and its reactions with acids, bases and electrophiles are reported. 
As part of our continuing studies of the preparative applica-
tions of pyrolytic reactions of aminomethylene Meldrum's 
acid derivatives, 1-3 we report here the synthesis, structure and 
chemical properties of pyrazolo[1 ,2-a] 1 ,2,3-triazinium-4-olate 
1, the parent member of a novel series of heterocyclic 
mesomenc betaines. 4 -5 
We have found that two isomeric products are obtained by 
flash vacuum pyrolysis (FVP) of the N-pyrazolyl derivative 2t 
(readily obtained by reaction of N-aminopyrazole 6 with 
t All new compounds were characterised by their spectra and by 
elemental analysis. 
methoxymethylene Meldrum's acid 2) in the range 450-700°C 
(Scheme 1). The relative proportion of these products is 
strongly temperature dependent (Fig. 1). The major product 
at high temperatures was readily identified as the pyrazolopy-
ridazinone 3; an analogous pyrrolopyridazinone 4 is formed by 
pyrolysis of the N-aminopyrrole derivati"e 5. The major 
isomer at lower temperatures was readily converted to 3 by 
pyrolysis (see below), but the spectroscopic data did not allow 
unambiguous discrimination between the betaine structures 1 
and 6. Either of these compounds could be formed by collapse 
of the key iminoketene intermediate 7: there is some 
precedent for the spiro-compound 6 from the work of Chuche 
et al., who obtained betaines (e.g. 8) by cyclisation of 
dialkyihydrazonoketenes obtained from enaminoesters.7 
J. CHEM. SOC., CHEM. COMMUN., 1993 
However, an X-ray crystal structure determination (Fig. 2) 
revealed that the unknown compound was in fact the 
pyrazolotriaziniumolate 1. 
The optimum conditions for the isolation of 1 proved to be 
pyrolysis at 500 °C (8 x 10 -5 Ton-mercury diffusion pump; 1 
Torr 133.3 Pa) using a sublimation temperature of 80-85 °C. 
Yields of 50-55% were obtained reproducibly on a 2.5 mmol 
scale. These conditions provide a simple and convenient 
three-step route from pyrazole to the parent betaine system 1; 
only highly substituted examples of this system have been 
previously synthesized .4  
Our initial studies of the chemistry of the mesomeric betaine 
1 are summarised in Scheme 2. It proved to have high thermal 
stability, and is unaffected by either sublimation at 100 °C or 
by FVP at 500 °C. At 700 °C 1 was transformed quantitatively 
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exist in equilibrium with the ketene 7 at high temperatures. 
The electron-rich nature of the six-membered ring is confir-
med by rapid deuterium exchange at the 3-position using 
[ 2Hjtrifluoroacetic acid, and by electrophilic substitution 
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Fig. 1 Temperature dependence of the formation of 1 and 3 by flash 
vacuum pyrolysis of 2 
Crystal data for C6H5N30C3H0, 1, M = 193.20, triclinic, space 
group P1, a = 5.633(5), b = 8.221(3), c = 9.958(9) A, = 110.10(3), 
13 = 95.12(3),y = 92.74(3)°, V= 430A3 [from28valuesof16reflections 
measured at ±u (20 = 20-24°, A. = 0.71073 A), T = 298 K], Z = 2, 
Dc = 1.492 g CM- 3 ,  (Mo-Ka) = 0.102 mm -1 . A colourless lath (0.02 
x 0.08 x 0.43 mm) was mounted on a Stod Stadi-4 four-circle 
diffractometer. Data collection using Mo-Kt X-radiation (X = 
0.71073 A), w-28 scans and the learnt-profile method 8 yielded 1219 
reflections (26 m 45°), 830 unique (R1 0.05), of which 641 with F 
4o (F) were used in all calculations. Following solution by automatic 
direct methods, 9  the structure was refined by full-matrix least-squares 
analysis (on F'°), with anisotropic thermal parameters for all non-H 
atoms. The CH3- groups of the acetone solvate were treated as rigid 
entities while other H atoms were included in fixed, calculated 
positions. 10  At final convergence, R = 0.0885, wR = 0.0928, S = 1.370 
for 133 parameters and the final AF synthesis showed no feature 
outwith ±0.38 e A. The high residuals are attributed to the 
unfavourable morphology of the crystal and to the presence of the 
acetone solvent in the crystal lattice. Fig. 2 ORTEP diagram of the mesomeric betaine 1 
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night, 94% yield). The X-ray crystal structure of the resulting 
bromo-compound 9 (Fig. 3) confirms the site of reaction but 
Fig. 3 ORTEP diagram of one of the two independent molecules of 9 
in the asymmetric unit 
§ Crystal data for C6H4BrN3O, 9, M = 214.02, triclinic, space group 
P1, a = 6.792(7), b = 7.639(16), c = 14.041(15) A, oc = 102.83(8), 13 = 
92.26(7),y = 101.18(9)°, V = 64 A3 [from 28 values of 14 reflections 
measured at ±w (28 = 30-32°, X = 0.71073 A), T = 150.0(1) K], Z = 
4, D = 2.047 g CM -3 ,  (Mo-Ka) = 5.797 mm-1 . A colourless tablet 
(0.58 x 0.54 x 0.12 mm) was mounted on a Stoe Stadi-4 four-circle 
diffractometer equipped with an Oxford Cryosystems low-tempera-
ture device) 3 Data collection using Mo-Ka X-radiation (X = 0.71073 
A) and w-28 scans gave 2490 reflections (28,,,,,, 45°, i,-scan-based 
absorption correction, 7% decay correction), 1764 unique (R i,,, 
0.017), of which 1589 with F 4o (F) were used in all calculations. 
Following solution by automatic direct methods, 9 the structure was 
refined by full-matrix least-squares analysis (on P0),  with anisotropic 
thermal parameters for all non-H atoms: H atoms were included in 
fixed, calculated positions with a common Uj of 0.0307(12) A2.  At 
final convergence, R = 0.0356, wR = 0.0484, S = 1.055 for 201 
parameters and the final AF synthesis showed no feature above 0.86 
eA 3 . 
Atomic coordinates, bond lengths and angles, and thermal 
parameters for both compounds have been deposited at the Cam-
bridge Crystallographic Data Centre. See Notice to Authors, Issue 
No. 1.  
the geometry is otherwise similar to that of the parent 
compound (cf. ref. 11). Surprisingly, methoxide ion did not 
add to the five-membered ring to give a pseudobase (e.g. 10) 
but instead deuterium exchange was observed at the 6- and 
8-positions, presumably via ylide-like intermediates e.g. 11 
(cf. ref. 12). 
We are grateful to Lonza Ltd for a gift of Meidrum's acid. 
Received, 23rd February 1993; Corn. 3101066J 
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